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\ll the circulating plasma lipids exist in 
form of water-soluble lipoproteins, which 
y be characterized by their flotation rate 
ultracentrifugation in solutions of suffi- 
atly high densities, by their migration 
city in electrophoresis, and by their solu- 
ty properties in, e. g., ethanol-water mix- 
es. All these methods can also be used 
the quantitative determination of indi- 
ual lipoproteins. Human as well as many 
mal sera have been demonstrated to con- 
1 two major classes of lipoproteins called 
gh density” and “low density” lipopro- 
is, or alpha and beta lipoproteins, respec- 
‘ly. 
Juring recent years much evidence has 
n accumulating which indicates a relation- 
) between the concentration of beta lipo- 
teins and the development of atheroscle- 
is. One of the experimental findings, 
ch most strongly supports this concept, 


This work was aided by a grant from Societas 
ontologica Fennica. 


is the parallelism between the grade of coro- 
nary atheromatosis (as evaluated both clinic- 
ally and anatomically) and the plasma level 
of beta lipoprotein in regard to age and sex 
in unselected or in apparently healthy popu- 
lations (Jones, Gofman, Lindgren, Lyon, 
Graham, Strisower & Nichols, 1951; Barr, 
Russ & Eder, 1951; Nikkila, 1953 ; Gofman, 
Glazier, Tamplin, Strisower & De Lalla, 
1954; Tamplin, Strisower, De Lalla, Gofman 
& Glazier, 1954). In men the anatomical 
grade of coronary atherosclerosis has been 
shown to reach a maximum in the sixth de- 
cade of life, decreasing somewhat thereafter 
(e.g. White, Edwards & Dry, 1950), 
whereas in women the altheromatous lesions 
increase in severity up to the eighth decade, 
approximating first then the maximal level 
attained by men (Ackerman, Dry & Ed- 
wards, 1950). 

In the present investigation the results of 
serum lipid and electrophoretic lipoprotein 
analyses of old persons 65 to 91 years of 
age are presented. The study was undertaken 
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to provide information additional to the data 
previously published by one of us (Nikkila, 
1953) on serum lipids and lipoproteins in 
healthy adults and, secondly, to determine 
the extent to which the sex difference in the 
increment of atherosclerosis at old age is 
paralleled by changes in the serum lipid and 
lipoprotein levels.? 


MATERIAL AND METHODS 


The material of this study was derived from 
38 inmates of the Municipal. Home of Helsinki. 
Hospitalization of these individuals was mainly for 
social reasons. Patients with an increased S.R. or 
with any known acute illnesses were excluded, 
whereas persons with an elevated systolic blood 
pressure, signs of myocardial degeneration (not 
uncompensated), pulmonary emphysema, etc., were 
not excluded. None of the subjects had a verified 
myocardial infarction in their past history but some 
had survived cerebral vascular accidents of a minor 
degree. It is thought that the material represents 
an average sample of persons at these age levels. 
There were 18 women with a mean age of 77 years 
and 20 men with a mean age of 76 years. 


All blood samples were drawn from the sub- 
jects in the morning after a fast of approximately 
10 hours. The analyses were performed within 30 
hours from the withdrawal and the sera were 
stored until this time at +4° C. The methods used 
were exactly the same as used in the previous 
study (Nikkila, 1953). Thus the distribution of the 
lipids into the three main lipoprotein classes, alphau, 
alphaz, and beta, was determined by fractionation 
of the serum by paper electrophoresis, with sub- 
sequent elution and chemical analysis of cholesterol 
and lipid phosphorus from the separated fract’ons. 
In our experience this procedure has been shown 
to be definitely superior in accuracy and reproduci- 
bility to the lipid staining methods. 


2 Some data of this investigation have been 


published in connection with two congress abstracts 
(Nikkila, 1955 a,b). 


38 individuals 65 to 91 years of age 
Wome 


Men 
Total cholesterol , 
mg/100 ml 239 + 16.0 298 + If 
125 — 422 200 — 
Cholesterol bound in 
alpha, 44.5 4+ 3.2 61.3 + 
22.2 — 80.2 25.0 —104 
alpha, 23.8 + 24 25.9 4% 
9.2 — 53.3 12.8 — 4 
beta 167 + 12.8 206 + 
81 — 298 138 — 
Percentage of total 
cholesterol in 
alpha, 19.5 + 1.3 20.6 + 
; 8.5 — 31.0 12.5 — 
alpha, 99+ 0.6 8.8 + 
_ 6.1 — 16.4 5.3 — 
beta 69.1 + 1.3 68.9 + 
57.9 — 81.7 54.1 — 
RESULTS 


Serum cholesterol and its distribution 
in the lipoproteis. 


These results are recorded in Table 
Among them the following should be emp ‘ 
sized. In old age, women appear to have 
considerable higher total serum. choleste: 
level than men, the difference in this ma 
rial being significant beyond the 1 per ec 
level. This difference becomes apparent 
the cholesterol bound to both alpha1 and be 
lipoproteins, there thus being no sex diff 
ence in the percentage distribution of che 
sterol in the lipoproteins. The sex differet 
in the absolute concentration of choleste 
bound to alphai lipoprotein is significant 
the 0.2 per cent level, the correspond 
value for beta lipoprotein being 3 per cé 
The alphaz lipoprotein-bound choleste 
shows no sex difference. ~ 
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When compared to the data for younger 
e groups (Nikkila, 1953) it is seen that 
ither total cholesterol nor any of the lipo- 
otein cholesterol values of old men differ 
nificantly from those of men between 40 
d 60 years of age. After the 70th year 
ere occurs, however, a considerable drop 
the cholesterol levels of men, as a result 
which the difference between age groups 
| to 90 and 40 to 60 is highly significant. 
contrast to this situation in men, women 
tween 60 and 80 years have a higher total 
olesterol concentration than women be- 


‘een 40 and 60 years. At least in the pre- 


nt material no decrease occurs before the 
th year of life. In the percentage distribu- 
m of cholesterol in the lipoproteins there 
no significant difference between the age 
oups 40—60 and over 60 either in men 
in women. 


Individuals with an elevated systolic blood 
essure had a somewhat higher total chole- 
srol and beta lipoprotein cholesterol than 
rmotensive subjects, but neither of these 
fferences was significant. On the other 
nd, a rough correlation was found be- 
een the roentgenologically evaluated calci- 
sation of the thoracic aorta and the total 
olesterol level (on an average 230 mg/1CO 
| in X-ray negative, 258 mg/100 ml in 
Icification of a slight degree and 281 mg/ 
0 ml in gross calcification). If the degree 
aortic calcification is grossly graded from 
to 3, the average severity for men in the 
esent series was evaluated as 1.7 and for 
ymen as 2.4. The aortic calcification was 
us more advanced in women than in men. 
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Table II. Serum phosphatide level and its 
distribution in three main lipo-proteins in 
38 individuals 65 to 91 years of age 


Men Women 

Total phospholipid 
mg/100 ml 254 st 16.5. 307 22.1377 
171 — 444 222 — 424 

Phospholipid bound in 

alpha, 87 + 8.2 109 + 7.2 
47 — 130 71 — 151 
alpha, . 27 + 47 25 + 3.3 
15 — 36 11 — 49 
beta 131 + 12.2 162 + 10.2 
103 — 209 117 — 212 

Percentage of total 

phospholipid in 
alpha, 34.0 + 2.0 37.1 + 2.2 
23.2 — 45.4 29.1 — 48.2 
alpha, 113 62.35 187i 
6.9 — 23.2 3.2 — 20.3 
beta 55.3 + 2.2 544 + 2.1 
46.9 — 62.4 46.4 — 65.2 


Serum P-lipid and its distribution 
in the lipoproteins and 
the cholesterol/P-lipid ratio. 


The mean values, standard deviations of 
the means and the range are summarized in 
Table II. As regards the differences between 
the two sexes at old age and between the 
various age classes of the same sex, the 
statements made above for cholesterol are 
valid also for P-lipids. In a way this is also 
apparent from Table III, which contains 
mean values for the C/P ratio of whole 
serum and of the three lipoproteins in both 
sexes. No significant sex difference is mani- 
fest in any of the ratios. In this connection, 
again, the remarkable constancy of the C/P 
ratios of the human serum lipoproteins even 
when separated by different means is note- 
worthy. The mean values recorded for beta 
lipoprotein range from 1.24 to 1.35, and for 
alphai lipoprotein from 0.39 to 0.63 (Russ, 
Eder & Barr, 1951; Kunkel & Slater, 1952; 
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Table III. Cholesterol/phosphatide ratio of 
total serum and of the three main lipoproteins 
in 38 individuals 65 to 91 years of age. 


Men Women 
Seri 5). c.d cise cette as 0.94 1.00 
Alphiayrctesrac/ stone cts, © 0.50 0.56 
Alphagies cn techie. soci 0.88 1.04 
IDEA ces A eestag ore ee P27, 


Nikkila, 1953; Hillyard et al., 1955; Havel, 
Eder & Bragdon, 1955). 


DISCUSSION 

The most significant observation derived 
from this study is the marked sex difference 
in the serum cholesterol and phospholipid 
levels which manifests itself in old age and 
which is due to a sharp decline occurring in 
males after the 65th year with a simultaneous 
increase in females. Due to the high grade 
correlation between the total cholesterol con- 
centration and the beta lipoprotein-bound 
cholesterol, this difference is reflected also 
in the beta lipoprotein cholesterol (and phos- 
pholipid) values. This result is in close 
agreement with those of Gertler & Oppen- 
heimer (1953), whose study makes so far 
the most detailed contribution to the subject 
of serum lipids and lipoproteins in old age 
in both sexes. Also Glazier, Tamplin, Stri- 
sower, DeLalla, Gofman, Damber & Phillips 
(1954), in their extensive ultracentrifugal 
study on the concentration of the various 
lipoprotein classes in an unselected human 
population, noted that the rising trend with 
age continues in females up to the seventies, 
whereas the males reach a maximum at 
about the 60th year. From their data it is 
further apparent that after the 60th year 
the females have an equal or higher concen- 
tration of the various low density lipopro- 
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teins in their serum than the males. Unfor 
tunately, records for age classes over 70 at 
lacking in this material. 

In persons past eighty Eiber, Goldbloom 
Boyd, Chapman & Deutschberger (195 4 
have found a lower level of S; O—12 am 
12—400 class lipoproteins but no differe nc 
in the total cholesterol and phospholipi 
concentrations as compared to younger indi 
viduals, and no significant difference be 
tween the two sexes. In the material 6 
Ackermann, Buehler, Toro & Kountz (1955 
comprising males aged 53 to 94 years the § 
12—20 level remained constant up to th 
80th year and decreased thereafter. Thes 
results thus differ from those mentione 
above without its being possible to find an 
reasonable explanation for the divergence 

Any attempt to explain these age change 
of serum lipids is at present met with con 
siderable difficulties. The results of Key 
Fidanza, Scardi, Bergami, Keys & DiLorenz 
(1954) and of Keys, Vivanco, Mifion, Key 
& Mendoza (1954) on the serum cholestere 
among various nations suggest a dependen 
of the age trend of serum cholesterol lev 
on the level of habitual fat intake befo: 
middle-age but are hardly applicable | 
account for the observed changes in serut 
lipids in old age. Keys, Mickelsen, Mille 
Hayes & Todd (1950) have suggested th 
the fall in the serum cholesterol level afte 
the age of 60 in males is not real but 
caused by a better survival of original 
hypocholesteremic than hypercholesterem 
individuals. However, the mortality rate | 
diseases associated with hypercholesterem 
as compared to other causes of death seem 
not to be high enough to account for th 
effect entirely. In terms of the well-know 
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1eral principle of the factors maintaining 
serum level of a given substance, a de- 
ase in the serum cholesterol is either due 
a decreased synthesis (or intake) or in- 
ased excretion, or to both. In rats, Rosen- 
n & Shibata (1952) have demonstrated 
lecrease of the rate of cholesterol syn- 
sis with increasing age. In man the prob- 
1 remains obscure until the accumulation 
further data on the regulatory mechanism 
cholesterol homeostasis and on the basic 
chemistry of aging. 

\ bulk of evidence now exists to indicate 


t estrogenic hormones tend to lower the ~ 


um cholesterol level (e.g. Barr, 1953; 
iver & Boyd, 1954; Russ, Eder & Barr, 
95) possibly by depressing the cholesterol 
ithesis in the liver (Rosenman, Friedman 
Byers, 1952). This could be taken as an 
jlanation for the rise in the serum chole- 
rol levels after cessation of the gonadal 
iction in women. However, the use of 
Hhysiological doses of estrogens in the 
yeriments referred to and the fact that no 
nificant sex difference of serum lipid 
els exists at the fertile age strongly argues 
inst the acceptance of this concept. 

*inally, some remarks seem warranted on 
correlation of atherosclerosis and serum 
ds in old age. A comparison of the auto- 
+ data (White, Edwards & Dry, 1950; 
kerman, Dry & Edwards, 1950) with 
um cholesterol levels in both sexes at age 
sses above 60 apparently speaks against 
concept of atherogenicity of hyperchole- 
‘emia. In spite of their high serum cho- 
erol and beta lipoprotein concentrations, 
men at this age have on an average still 
; coronary atheromatosis than men with 
ch lower serum levels of these substances. 


This fact has led Gertler & Oppenheimer 
(1953) to deny the importance of the mere 
serum cholesterol level in the genesis of 
atheroma and to emphasize the value of the 
cholesterol/phosphatide ratio instead. How- 
ever, in view of the accumulative character 
of atherosclerosis there is little argument to 
exclude the possibility that in men the deve- 
lopment of atheromatosis has mostly taken 
place during the preceding decades with 
more atherogenic composition of plasma, 
while in women the rate of coronary athero- 
genesis increases first in the postmenopausal 
period and manifests itself as increased 
atherosclerosis not before one to two decades 
later. This concept is fully compatible with 
the autopsy findings and with experience of 
the incidence of clinical coronary disease 
(e.g. Oliver & Boyd, 1956). There is but 
one further aspect which necessarily should 
be considered in the evaluation of this prob- 
lem. As demonstrated earlier by Epstein & 
Boas (1954) and Eiber et al. (1954) and 
supported also by the X-ray findings in the 
present material, the incidence of aortic 
atheromatosis (as reflected by aortic calcifi- 
cation) in persons past sixty is definitely 
greater in women than in men, resulting in 
an equally high incidence of total athero- 
sclerosis in both sexes. There thus seems 
to be a close correlation between the serum 
lipids and aortic atheromatosis, whereas 
some protecting local factor in the female 
coronary arteries somewhat obscures this 
relationship in coronary atherosclerosis. In- 
teresting enough, Pick, Stamler, Rodbard & 
Katz (1952) and Stamler, Pick, Katz, Lewis 
& Page (1952) have demonstrated that ad- 
ministration of estrogens to cholesterol-fed 
chicks inhibits the development of coronary 
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atheromatosis but has no influence on the 
lesions of the aorta. 


SUMMARY 

Serum cholesterol and phospholipid con- 
centrations and their distribution in electro- 
phoretically separated lipoprotein fractions 
were determined in 20 male and 18 female 
subjects 65 to 91 years of age. Women re- 
vealed significantly higher lipid levels than 
men. In women the serum lipids rise con- 
tinuously with age up to at least the 80th 
year of life, whereas in men the rising trend 
ceases at about 65. The percentage distri- 
bution of the lipids in lipoproteins is iden- 
tical in both sexes and accordingly the 
changes of lipid levels are reflected in both 
alpha; and beta lipoproteins. 

The possible causes of these changes and 
their relation to atherosclerosis are discussed. 
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By H. N. HAUGEN 


From Oslo City Hospitals, Department Krohgstgtten, Oslo, Norway 


(Received for publication October 3, 1956) 


Under normal circumstances the kidney 
regulates the body sodium content by balan- 
cing the output against the intake. In con- 
gestive heart diseases this regulation fails, 
the patient puts on weight and develops 
edema, and sodium nearly disappears from 
the urine. It has been maintained that not 
only the kidneys, but also other organs sup- 
press the excretion of sodium in congestive 
heart failure. White, Gordon & Leiter(1950) 
and Berger & Steele (1952) demonstrated 
a lowered sodium concentration in saliva, 
and Berger & Steele further demonstrated 
suppression of sodium excretion by the colon 
of edematous patients, and a lowered sodium 
concentration in the sweat. In two patients 
accumulating edema fluid the sweat sodium 
concentration was 8 and 13 mEq/1 respec- 
tively, against an average of 39 mEq in nor- 
mal individuals. Berger & Steele maintain 
that the accumulation of edema is due to a 
suppressed excretion of sodium through the 
kidneys, the sweat and salivary glands, and 
the colon. In their opinion this retention is 
due to an’excess of a desoxycorticosterone- 
like hormone, capable of suppressing the ex- 
cretion of sodium through various organs. 
Robinson & Robinson (1954), however, 
seriously doubt the correctness of Berger & 
Steele’s explanation and suggest that the 
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lowered sodium excretion through the ake 
may be an adaptation to salt depletion caus 
by carboxylic resin therapy. 
We have had the opportunity to study : 
excretion of electrolytes through the s 
in a case of congestive heart failure. In th 
patient no peripheral edema appeared in spi 
of a very low renal sodium excretion. Oj 
study revealed that this was due to a ve 
heavy sweating which contained all the di 
tary sodium. The purpose of this paper 
to report the results of the study. 


REPORT OF CASE 


The patient, a 67 year old laborer, was admi 
to the hospital because of dyspnea. He had ney 
been ill, but for the previous two years he h 
suffered from dyspnea on exertion; three mont 
before hospitalization he had to give up work? 
One month before admission he was taken ill w 
sudden and pronounced substernal pains, radiati 
to the left shoulder and arm. This episode last 
for half an hour. An electrocardiogram shoy 
evidence of myocardial infarction. Gradually t 
dyspnea got worse, and he was confined to bi 
He was admitted to the hospital because of ra 
aggravation of his condition, 

The physical examination revealed a sever 
ill man. Respiratory movements were rapid % 
shallow. The temperature was normal, pulse r 
104 per minute; the pulse was irregular. The § 
tolic blood pressure was 105 mm Hg and the 
astolic 70 mm Hg. There was peripheral cyano: 


SWEAT ELECTROLYTE EXCRETION IN CONGESTIVE HEART FAILURE 


IGb7 


no edema, and no venous congestion on the 
. The precordial dullness was enlarged, and the 
al impulse was felt 14 cm from thé midline in 
fifth left interspace. An apical systolic murmur 
le 4 was heard. There was percutory dullness at 
right lung base and at auscultation impaired re- 
ation. No ascites was detected. The liver edge 
felt 1 cm below the costal margin. Urine: 
ific gravity 1023; a trace of protein was found, 
only on the first examination. Venous pressure 
130 mm of water, circulation time (decholin) 
seconds. The electrocardiogram showed atrial 
lation and left ventricular preponderance. 
ray study showed fluid in the right thoracic 
ty. The heart shadow was generally enlargcd. 
jeural puncture gave 280 ml of clear yellow 
1. Renal function was normal both on admissicn 
later on, endogenous creatinine clearance being 
nal on several examinations. 
le was put on a low sodium diet + digitalis. At 
t his condition improved, but still a certain 
‘ee of dyspnea and cyanosis continued. How- 
, he never developed edema. Blood pressure 
a little below normal, on one occasion as low 
10 mm H¢ systolic and 60 mm Hg diastolic. 
dually his condition went downhill; death oc- 
ed 5% months after admission. 
Vhat especially troubled the patient was a very 
re sweating. Occasionally he was bathed in 
at, especially in the mornings. The body tem- 
ture was normal. The pleural effusion recurred, 
several pleural taps became necessary. 
Jur attention was directed towards the heavy 
piration and dyspnea, but also to the scan‘y 
esis, and to the fact that the patient, who ob- 
sly suffered from a high grade of congestive 
+ failure, never developed peripheral edema. 
fluid intake was 1100 to 1400 ml a day, while 
ary output was 300 to 400 ml a day, occasionally 
200 ml. As practically no sodium was found 
1€ urine, it was decided to study the electrolyt2 
through kidneys, sweat and pleural taps. The 
that he was confined to bed made urine collec- 
very accurate. The diet was regular low s>- 
1 diet; by calculation it was found to contan 
verage of 26 mEq of sodium per day. 
‘he electrolytes in the sweat were collected in 
following manner: A piece of gauze, 45 by 


45 cm, was placed on the patient’s chest and in the 
axillae during various periods of experimental con- 
ditions. After conclusion of each period the gauze 
was rinsed with distilled water which then was 
analyzed for sodium and potassium. At compution 
allowance was made for time and total surface to 
get a measure of the daily cutaneous electrolyte 
excretion. The daily urinary excretion of sodium 
and potassium was also determined; the electrolyte 


- concentration in pleural taps was analyzed, and 


urinary and pleural taps volume measured. Plasma 
concentration of sodium, potassium, COz content 
and chloride was determined twice a week. 
Sodium and potassium were determined with a 
Baird flame photometer, lithium internal standard, 
chloride by the method of Schales & Schales, COz 


.in a Van Slyke manometric apparatus. 


RESULES 

The total electrolyte loss was studied dur- 
ing a period when the patient was given a 
low sodium diet only, and in :periods when 
he in addition was given urea, acetazoleamide, 
ammonium chloride and Carboresin. The low 
sodium diet alone was given for 59 days, 
each of the drugs for at least 10 days. 

The results are summarized in the Table: 

In the low sodium period the fluid intake 
was 1190 ml a day on an average, while the 
diuresis was 370 ml; consequently there was 
a deficit of 820 ml. In spite of this consider- 
able deficit, lasting several weeks, no edema 
appeared, he did not put on weight, and 
pleural taps were not needed. There was, 
however, a very pronounced perspiration, 
and on examination the sweat revealed a 
sodium excretion of 26 mEq a day. The 
24 hour renal sodium excretion was very 
low, averaging only 0.4 mEq, and it was 
concluded that practicallly all the dietary 
sodium passed ‘out through the skin. The 
urinary excretion of potassium was 20 mEq 
per day, while the cutaneous excretion was 
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Table I. Fluid intake, diuresis, sweat intensity and electrolyte excretion during the st 
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Fluid intake (ml/day) 
Pleural taps (ml/day) 


Diuresis (ml/day) 


Low sodium diet 


(26ImBG/ day) a. an)5+ 1190 | 370 
Low sodium diet ++ 

tears 5, @/dayirn, sense 1200 | 630 
Low sodium diet + Diamox 

250 mg every other day 1140 | 610 105 
Low sodium diet + 

ammonium chloride 3 g/day; 1160 | 660 190 
Low sodium diet + 

Carboresin 48 g/day 1385 | 920 


32 mEq. Plasma electrolytes were normal, 
the sodium concentration a little above 140 
mEq per liter, potassium 4.9—5.1 mEq, 
chloride a little below 100 mEq, total COz 
content 30—34 mEq. The urinary pH was 
5—6. 

In the urea period diuresis increased to 
an average of 630 ml a day, while the fluid 
intake was practically unchanged. The diu- 
resis deficit was consequently reduced to 
570 ml on an average. The perspiration in 
this period was less severe. The urinary ex- 
cretion of sodium was unchanged, the cuta- 
neous excretion insignificantly lower than in 
the first period. Even in this period all loss 
of sodium was through the skin. The urinary 
excretion of potassium was a little less than 
in the first period, the cutaneous excretion 
50 mEq. The plasma electrolytes were un- 
changed, the urinary pH 7—8. In neither of 


Sodium excretion | Potassium excre 


(mEq/day) _ (mEq/day) 
B+ 
aH ‘ 
e+ a a 
ge yg) |] 86 eee ee 
5 ‘a 2 Es 7 iis "i 
a+ iS) AA Nn =) AY 


+4 qe tee 26 “| 20 32 
ee Be 24 | 12 | 50 
++ | 66 | 15 | 44| 33 | 05 | 2m 

i One| ee 29° | 0.9 
(+) 03 3.6 | 48 


these periods were pleural taps needé 
X-ray study showed no increase of pleu 
effusion. 

In the acetazoleamide (“Diamox’’) peri 
fluid intake was 1140 ml a day, diures 
610 ml. Several pleural taps became nece 
sary, and on an average 105 ml of fluid w 
lost each day in this way. The sum of urina 
and pleural fluid volumes was 715 ml, 2 
the fluid deficit less than before. The swe 
ing was reduced. The urinary sodium 
cretion increased significantly, while 
cutaneous excretion fell to 4.4 mEq a di 
Fifteen mEq of sodium were lost throt 
pleural taps. The total sodium excret 
through kidneys, skin and_ pleural 
amounted to 26 mEq a day. The urin 
potassium excretion was a little higher t 
before, while the cutaneous excretion wa 
little less. The pleural fluid contained o 
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ignificant amounts of potassium. The 
sma electrolytes remained unchanged. 
e urinary pH went up from about 5 to 
-8. 

[n the ammonium chloride period, fluid 
ake was unchanged, and so was the uri- 
ry output. Pleural taps became necessary, 
1 on an average 190 ml a day were lost 
s way. The fluid deficit averaged 310 ml 
lay. The perspiration decreased a little. 
e urinary sodium excretion was very 
all; the pleural taps contained 26 mEq. 
) sweat test was performed in this period. 


€ urinary potassium excretion was 29 mEq 


Jay; in the pleural taps 0.9 mEq. The 
sma electrolytes were unchanged with one 
seption: the potassium concentration in- 
ased to 6 mEq per liter. The urinary pH 
s low, about 5. 
in the Carboresin period, fluid intake was 
newhat higher than before; diuresis in- 
ased to 920 ml a day. No pleural tap was 
uired. There was practically no sweating, 
1 the patient stated spontaneously that he 
t much better than before. The urinary 
retion of sodium was very low, and so 
s also the loss through the skin. The uri- 
yy excretion of potassium decreased to 
mEq, the cutaneous to 17.5 mEq. The 
sma COsz content decreased to 24 mEq 
liter, sodium to 131 mEq, and potassium 
3.8 mEq. Carboresin medication was con- 
uently suspended. In this period the pH 
the urine increased from about 5 to 78. 


DISCUSSION 
[There are, in a study like this, several 
irces of error. No attempt was made to 
asure total body water or plasma volume. 
attention was paid to fecal electrolyte 
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excretion. This is, however, quite insigni- 
ficant except in diarrhea. Nor was attention 
paid to insensible perspiration, which, how- 
ever, does not concern electrolytes. Objec- 
tions may also be raised against the collection 
of sweat. Because of identical results on re- 
peated examinations some conclusions seem 
nevertheless justified. 

Our patient was confined to bed, with a 
room temperature of about 20° C. He per- 
formed no work except that connected with 
eating, respirating and so on. The body tem- 
perature was normal. In spite of this he 
suffered from a very heavy sweating which 
may have amounted to more than 800 ml a 
day. The heavy sweating had no apparent 
effect except maybe the excretion of water 
which was not excreted through the kidneys. 
One may ask about the sequence: did the 
sweat intensity increase because of a scanty 
diuresis, or was the diuresis small because 
of the heavy sweating? This question is im- 
posible to answer only on the basis of the 
figures in the table. They only tell us that 
the sweating was so heavy that in spite of 
a very low diuresis edema never appeared. 

Water retention is, however, an insuffi- 
cient explanation of edema, even if it has 
been postulated that retention of sodium is 
secondary to retention of water. The reason 
why our patient never developed edema is 
that he excreted all the dietary sodium 
through the skin. The sweat sodium concen- 
tration may be judged to about 30 mEq per 
liter (26 mEq/820 ml) on an average and is 
thus within normal limits. However, on con- 
sidering this concentration of sodium in re- 
lation to the results obtained by Berger & 
Steele, the high sweat sodium concentra- 
tion is conspicuous. Berger & Steele found, 
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as mentioned above, in two patients a sweat 
sodium concentration of 8 and 13 mEq per 
liter, respectively. In our patient the sweat 
sodium concentration may be judged to 
thrice this value. This shows that our patient 
was able to excrete a relatively concentrated 
sweat. The figures from the urea period 
show the same. 

In the acetazoleamide period and in the am- 
monium chloride period, diuresis was higher 
than in the low-sodium period, but on a level 
with the diuresis in the urea period. On the 
other hand, pleural fluid accumulation took 
place, and pleural taps became necessary. 
The reason is not apparent. One might con- 
sider a common cause, viz. the acidosis. In 
favor of this explanation is the fact that the 
drug which provokes the most severe aci- 
dosis (ammonium chloride) was the most 
effective in reducing sweat secretion and 
reproducing pleural effusion. The mechan- 
ism is difficult to explain, and as this pos- 
sibility was not considered at the time of 
our study, no trial was made with other 
drugs provoking acidosis. 

Carboresin effectively reduced sweat in- 
tensity and increased diuresis. In this period 
the patient felt relatively well. Sodium dis- 
appeared almost completely from urine and 
sweat, and pleural taps were not required. 
This was due to the binding of the sodium 
in the intestine. The sweat sodium concen- 
tration in this period was low, and may have 
been about 8 mEq per liter, which agrees 
well with the figures of Berger & Steele. 
As our patient was shown to be able to ex- 
crete a more concentrated sweat, one must 
agree with Robinson & Robinson’s conclu- 
sion: the low sweat sodium value in patients 
suffering from congestive heart failure and 


H. N. HAUGEN 


given carboxylic resin therapy is due to a 
adaption to salt depletion, not to the diseas 
itself. 

In regard to potassium intake and outpt 
we do not exactly know the potassium cor 
tent of the diet. Our diets contain betwee 
50 and 125 mEq of potassium per day. Mos 
of it is excreted through the kidneys, 1 
mEq through the feces (unless there is diar 
rhea); the excretion through the skin j 
considered insignificant. In our patient th 
urinary potassium excretion on a low- -sodiur 
diet was 21 mEq a day; through the SWwee 
was excreted 32 mEq. This was quite extre 
ordinary. The fecal potassium excretion wa 
not analyzed, but as the patient did not suff 
from diarrhea, the fecal excretion may 
estimated to only a few mEq a day. The tok 
potassium excretion thus may be about é 
—/0 mEq a day, which agrees well w 
available figures. 

We were struck by the potassium 1 
through the sweat, both in the low-sodium 
periodiand in the other experimental period 
Even. during the Carboresin period, whe 
the urinary potassium excretion decrease 
to very low values (4.8 mEq a day), mot 
than 17 mEq was excreted through the swe 
The sweat potassium concentration was 
estimated directly, but most probably it 
higher than normal (normal values are 
ported to 1 to 15 mEq per liter (Robins 
& Robinson, 1954)). It is also obvious tt 
the potassium concentration was higher th 
the sodium concentration; in every sw 
examination more potassium was found th 
sodium. . 

Our case presented ese electroly 
abnormalities, chiefly consisting in a hi 
cutaneous and a low renal excretion of 
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n, combined with a high cutaneous ex- 
ion of potassium. The mechanism and 
cause are unknown, but must in some 
r be related to the heart failure. A high 
at potassium especially if combined with 
omewhat lower sodium value, points to 
ersecretion of aldosterone (Conn 1955). 
» necropsy offered no explanation. Ex- 
t for myocardial hypertrophy and fibro- 
no pathological changes were demon- 
ted. The endocrine glands and the kid- 
S were normal. 


SUMMARY 
. 67 years old man suffering from con- 
tive heart failure developed no edema in 
e of abolished urinary sodium excretion. 
> dietary sodium was found to be excreted 
ough heavy sweating. The cutaneous 
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potassium excretion was distinctly higher 
than normal and exceeded the sodium ex- 
cretion. The excretion of sodium and potas- 
sium under various experimental conditions 
is reported. 
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STANDARD BICARBONATE, ITS CLINICAL SIGNIFICAN 
AND A NEW METHOD FOR ITS DETERMINATION 
By K. JORGENSEN anv P. ASTRUP 


From the Central Laboratory, Rigshospitalet, Copenhagen, Denmark 
(Received for publication October 26, 1956) 


The acid-base status of the organism is 
uniquely determined by the following quanti- 
ties, 1: the actual pH of the arterial blood, 
2: the actual pCOsz of the arterial blood, 
representing the respiratory component, and 
3: the quantity that represents the non- 
respiratory factors (Astrup 1954, 1955). 
Generally, either the total COz-content or the 
COs-combining power of the serum is used 
for the last. None of these, however, is suitable 
because they will vary with changes of pCO2 
and oxygen saturation in the sample as shown 
in Table I. These changes may be consider- 
able, even when the respiratory function of 
the patient is normal, e. g. when venous blood 


is used, when stasis is applied, or when the, 


Table I. 


varying oxygen saturation. — Expressed as mEq/l. 
pCO, pCO, pCO, 
20mm Hg 40mmHg 80 mmHg 

Motal-COsr sa eee rene 16.8 py) 30.0 
Actual bicarbonate .... 16.2 21.0 27.6 Fully oxyge- 
CO,-combining power 18.0 222, 27.5 nated blood 
Standard bicarbonate 21.0 21.0 21.0 
Total-CO, 19.6 PAST) 34.8 
Actual bicarbonate 19.0 24.5 32.4. Fully reduced 
CO,-combining power 21.0 Peril 31.9 blood 
Standard bicarbonate 21.0 21.0 21.0 
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The content of total-CO,, actual bicarbonate, CO,- combining power ¢ 
standard bicarbonate in plasma from the same blood sample at varying pCO, 


3 
‘ 


technique of blood sampling is not = 
anaerobic. All these errors can be avoide 
by determining the standard bicarbonai 
(Table I), which is defined as the concé 
tration of bicarbonate ion in the plasma pa 
of fully oxygenated blood at 38°C, whe 
the pCOz is 40 mm Hg.! 

From a clinical point of view, this quanti 
is an important one, as it is a reliable an 
probable the most convenient measure of f 
non-respiratory components of the ait 


1 Tn ‘a previous work (1955) standard biea 
bonate was defined with regard to the variati 
ot the oxygen saturation of the sample. The 
technique, d:scribed here, makes it more 
venient to use the new definition. 


STANDARD BICARBONATE AND ITS CLINICAL SIGNIFICANCE 


As far 
we know, however, standard bicarbonate 
not yet been used in clinical work, owing 
he lack of a simple method for its deter- 
ation (Van Slyke, 1932). In our labora- 
y a simple and rapid method for routine 
+k was developed, and standard bicar- 
ate is now determined instead of total 
2 for routine analyses. 

n the following the method will be de- 
bed, and some relating and theoretical 
blems will be discussed. Finally, the 
ical use of the method will be commen- 
on. 


e metabolism in the organism. 


METHOD 

Principle 
“he blood is stabilized by heparin + sodium 
ride to prevent coagulation and glycolysis. In 
rater bath of 38° C the sample is equilibrated 
1 an Oz—CO2-mixture of known composition 
1 a partial pressure of COz near 40 mm Hg. 
- gas mixture is bubbled through the blood to 
ch some silicon oil emulsion has been added 
prevent foaming and hemolysis. The pH of 
equilibrated sample is measured electrometri- 
y, and the standard bicarbonate can then be 
ved from the Henderson-Hasselbalch equation. 


Reagents 


leparin-fluoride solution, containing 0.2 per cent 
heparin and 2.5 per cent of sodium fluoride 
R.) in water. 

ilicon oil emulsion. “Antischaum-emulsion SE” 
n Wacker (Munich). This is an emulsion in 
er with a high content of silicon. 

J2—C O2-mixture. The mixture is commercially 
lable in cylinders, ordered to contain 5.6 per 
- of COz and 94.4 per cent of Oz. The percen- 
> of COz must be known exactly, e.g. from 
dane analysis.1 The pCOz is calculated daily 
n the equation: 


We are indebted to Cardiologisk Laboratorium, 
shospitalet, for analysing our gas mixtures. 
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B—50 
peOs =) == COs-per. cent: 
100 


B is the barometric pressure in mm Hg, 50 is the 
partial pressure of vapor at 38° C in mm Hg, and 
COs-per cent is the percentage of COs, v/v. The 
cylinder is placed in a horizontal position (Astrup, 
1956). 

Potassium chloride, A. R. As fine crystals, and 
as a saturated aqueous solution. 

Standard buffer solution. Contains 1.8156 g 
KH2POs (S¢rensen) and 9.4934 g NasHPOs. 
2H20 (S¢rensen) in 1000 ml of aqueous solution. 
The pH at 38° C is taken to be 7.360 according to 
Astrup (1956). 


Apparatus 


Glasses for collecting blood. Small test tubes, 
capacity 7—10 ml, with rubber stoppers. Each 
tube contains 1 mg of heparin and 12.5 mg of NaF, 
t.c. 0.5 ml. heat-dried of the solution given above. 
The temperature should not exceed 100° C during 
the evaporation, otherwise a partially insoluble 
“cake” will be formed. 

Glasses for equilibrating blood. A convenient 
form and size is shown in Fig.1. Each glass is 
provided with a rubber stopper with a long inlet 
tube and a short outlet tube. 

Thermostat with gas distribution system. A glass 
vessel (42 28 X 28 cm) is used for the water 
bath. The temperature is kept at 38° C+0.1°. 


Bubbling glass, and rubber stopper with 
inlet and outlet tube. 


Fig. 1. 


Fig. 2. Gas distribution system. The gas mixture 
is distributed through a glass comb (B), plastic 
tubes (C and E), and capillary tubes (D) to 8 
bubbling glasses one of which is shown (F). The 
plastic tubes (E) are closed by short metal rods 
(G) when not in use. For dimensions, see text. 


A plate of stainless steel, Fig. 2, A, hangs on the 
edges of the glass vessel. The edges of the plate 
are bent in such a way that the plate itself is 
positioned 14% cm below the edges of the vessel, 
1, e. just above the water level. Ten glasses for 
equilibration can be mounted in a row of holes 
(diameter 22 mm, center distance 30 mm) in the 
plate along one of its sides. A strip of stainless 
steel with smaller holes (diameter 12 mm) is 
held below the big holes by means of two distance 
pieces per hole. A strip of plate supports the glas- 
ses. The distance pieces are metal tubes. Each pair 
of them also serves as guiding tubes for the elec- 
trode fork (see below). 

The gas mixture is fed to eight of the glasses 
for equilibration by the gas distributor, Fig. 2, B, 
(length 26 cm, diameter 4 cm) with one inlet 
tube and eight outlet tubes (outer diameter about 
3 mm, center distance 30 mm). The inlet tube 
is connected to the gas cylinder by means of 
rubber tubes wia an absorption flask with water, 
serving as a coarse flowmeter. Each outlet tube 
can be connected to a glass for equilibration by 
means of a plastic tube (6 cm), a capillary (length 
15 cm, bore 0.5 mm), and a plastic tube (10 cm), 
Fig. 2, C, D and E. The capacity of the gas distri- 
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Fig. 3. Cross section of part of frame with bubblit 
glass. The electrode with electrode fork in positi 
for measuring pH. © 


butor in connection with the inserted capillar 
ensures a uniform bubbling rate in all glasses, ev 
with one or two plastic tubes freely open. She 
metal rods, Fig. 2, G, provide for closing the plast 
tubes when not in use. : 

The two test tubes for which gas supply is 
foreseen are used for buffer solution and distill 
water. 

Two long spirals of glass tubing are immers 
in the water bath (not shown). They provide 
warming up the rinsing water for the electrode, 


Electrode. The electrode used, Fig. 4, is mai 
factured by Radiometer (Copenhagen), under 
designation GK 2023. Important features of 1 
electrode are the position of the calomel filling n 
the glass bulb, ensuring the same temperature 
both components, and the use of a cotton plug a 
liquid juction. This plug has an advantage ove 
fixed, porous plate, because it can easily be rene 
if abnormal diffusion potentials accur. It is renet 
by means of a fine pin. After replacement of 
plug, the outer tube of the electrode should 
refilled with pure saturated potassium chlor 
solution by suction from the funnel, at the sz 
time removing air bubbles in the plug. Free ¢ 
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COTTON WOOL PLUG 


OUTER TUBE 
KCL CRYSTALS 


CALOMEL FILLING 


GLASS MEMBRANE, 


Fig. 4. Combined electrode, Radiometer 
type GK 2023. 


, which are put down through the funnel, must 
ys be. present above the calomel filling (Fig. 4). 
plug should be cautiously pressed so tightly that 
outflow of KCl-solution is just visible when 
stopcock is open. When not in use, the elec- 
e is stored in water in the thermostat with the 
cock closed. 
he proportionality factor of the glass electrode 
Id be tested occasionally with a buffer solution 
a pH that differs sufficiently from 7.36. More 
yrtant is the check of the diffusion potential in 
cotton plug. Here, anomalies may occur when 
suring on solutions containing proteins, parti- 
‘ly if the rinsing between measurements is 
ficient. Such abnormal potentials can be dis- 
red by comparing the “combined” calomel elec- 
> with an ordinary “free” calomel electrode 
r the same conditions (Astrup & Schréder, 
). The development of abnormal potentials 
also be discovered by measuring the pH of 
mple of pooled serum after equilibration with 
as for standard bicarbonate determinations. 
pool of serum is divided into small samples, 
h are stored deep-frozen. Each day one sample 
juilibrated with the gas mixture, and the pH 
easured. We make this check as a routine test, 


and have found it most useful.1 Abnormal poten- 
tials are rare. The electrode can be used for a 
month or more without having the plug renewed. 


Electrode fork. The electrode fork, Fig. 3, is 
made to receive the cap of the electrode, and the 
two legs (length 8 cm, diameter 5 mm, center 
distance 5 cm) will fit into any of the pairs of 
guiding tubes. The fork offers effective protection 
to the electrode during all manipulations. 


pH-meter. The pH-meter must have an accuracy 
of at least + 0.005 pH. The: pH-meter, type 
PHM 3, made by Radiometer, is suitable. The 
accuracy of this instrumentt is + 0.001 pH. When 
used in conjunction with the electrode type GK 2023, 
the actual pH-readings must be corrected by adding 


5.000. 


Procedure 


Blood sampling. Approximately 5 ml of blood 
are shed from a vein into a test tube with heparin- 
fluoride. The test tube is stoppered and inverted. 
several times. The sample is now stable for several 
hours at room temperature. 


Equilibrating. 3—4 ml of the stabilized, well 
mixed blood are transferred to a glass for equili- 
brating, and placed in the water bath. One drop 
of silicon oil emulsion is added. The glass is stop- 
pered, and the gas mixture is allowed to bubble 
through the sample at a rate of 3—4 bubbles per 
second, i.e. 20—25 ml per min. When 30 minutes 
have passed the pH can be measured. 


pH-measurements. The pH-meter is carefully 
adjusted by means of the standard buffer solution. 
The stopper with its tubes is removed from the 
sample, and the electrode is lowered into the blood, 
using the legs of the fork as a guide (Fig.3). The 
stopcock of the electrode is kept closed. When the 
electrode potential has become constant, generally 
within 2 minutes, the pH is read. 


1 On the other hand if the electrode is known 
to be in order, and if corresponding values for 
pCOsz and pH are known for the serum sample in 
question, the sample can be used to determine the 
pCOz in the gas mixture used for equilibration 
(Astrup, 1956). This fact can be utilized, when 
new cylinders ar taken in use. 


126 


Series analyses. While waiting for the electrode 
potential to become constant, the stopper with its 
tubes is disconnected and put aside. The sample, 
previously measured, is disharged, and replaced 
by a fresh sample, and the bubbling started. When 
the pH has been read, the electrode is thorougly. 
rinsed outside the thermostat with running, distilled 
water, which has been tempered to 38° C by pas- 
sing the spirals in the water bath. The stopcock 
is opened and closed again to renew the liquid 
junction. Excess water is removed with filter 
paper, and the electrode is immersed in the next 
sample. : 

During measurements, fresh standard buffer 
solution is always kept ready in the thermostat for 
frequent check of the meter. This buffer solution 
must be kept stoppered to prevent COz-absorption. 


Calculation 


If the pCO2 of the gas mixture is exactly 40 mm 
Hg, the pH measured can be inserted in the 
Henderson-Hasselbalch equation,! and the standard 
bicarbonate is derived directly (Astrup 1956). It 
is recommended to tabulate related values of pH 
and standard bicarbonate. 

If the pCOz employed deviates from 40 mm, the 
pH found must be corrected. This may be done 
by means of log pCOz/pH graphs for blood with 
varying content of hemoglobin and base (i.e. 
varying standard bicarbonate). Such graphs are 
given below. However, when the pCO2 used is 
close to 40 mm, i.e. from 36 to 44 mm, the dif- 
ference in the slopes of the curves may be neglected, 
and the correction can readily be derived from the 
equation: ; 


pH = Del eartiied + 0.006 x (pCOz2, wed OO) 


Accuracy 
To estimate the accuracy of the method, the 
errors have been divided in two groups. One group 
includes errors originating in the determinations 
of the gas mixture, electrode errors and meter 


1 The Henderson-Hasselbalch equation can be 
standard bicarbonate 


0.03 x 40 


written: pH4ao = 6.11 + log 
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errors. The other group comprises errors due 
variations in hemoglobin content and degree” 
hemolysis of the samples. The errors of the fir 


group have been evaluated by means of the dai 
measurements on the samples of pooled plasr 
during several months. The results of these measut 
ments deviate + 0.01 pH from the mean value. t 
errors of the second group, which are thoroug 
discussed in the section “comments”, are small, 4. 
of the order of + 0,005 pH. Thus it can 
established that the accuracy of the determinati 
of standard bicarbonate is better than + 5 per ce 


COMMENTS ON THE METHOD 


1. According to the definition, any meth 
for the determination of standard bicarbona 


in the plasma part. While working 
a method based on measurements on cor 
pletely hemolyzed blood, we found that g 
can be passed through whole blood with 
causing appreciable hemolysis, if silicor 
emusion is previously added. This findi 
enabled us to work out a simple techni 
for unhemolyzed blood without the use 
ordinary tonometers, which are inconvenie 
in routine analyses when thermostating 
required. For the determination of bic 
bonate an electrometric technique is to 
preferred, as it does not require separat 
the cells from the plasma. The design 
the type GK 2023 electrode, and the sh 
of the glasses for equilibrating provide 
bringing the blood in contact with the é€ 
trode without disturbing the gas-liquid et 
librium. During the measurement the g 
electrode is immersed 3—4 cm in the sam 
and the escape of COz from the surface 
not influence the gas-liquid equilibrium 


STANDARD BICARBONATE AND ITS CLINICAL SIGNIFICANCE 


an 


_ By experiments, the concentrations of 
arin and fluoride used were found to 
ilize the blood effectively without chang- 
the pH, and the concentrations are not 
cal in this respect, as they may vary 
') per cent. The silicon oil emulsion was 
found to have no influence on the pH. 
time required for equilibrating depends 
the rate of bubbling. At the above rate 
flow most samples are equilibrated in 
-20 minutes. Equilibrium will always 
ittained by fixing the time to 30 minutes. 


. As mentioned above it is necessary to 
ect the pH found to that corresponding to 
J2 = 40 mm Hg, if the pCOz in the gas 
ture deviates from this value. The cor- 
jon can always be accurately made, if 
exact slopes of the log pCO2/pH graphs 
the blood samples are known. The varia- 
s in the positions and the slopes of the 
phs depend on the concentrations of 
voglobin and acid/base in the samples. To 
ify the simplicity of the method applied 
correcting the pH values, we made some 
sstigations concerning the log pCO2/pH 
phs. 

og pCO2/pH graphs for blood with vary- 
concentration of hemoglobin. In a pre- 
is work (Astrup 1956) it is shown that 
log pCO2/pH graphs for plasma are 
ight lines within the physiological varia- 
is of both pH and pCOs. The same was 
ad for both plasma and whole blood by 
win, Gould, Nashat & Neil (1955). In 
investigations blood from the arm vein 
-used, and stabilized as described above. 
t was centrifuged anaerobically, and blood 
ples with different concentrations of 
1oglobin were made by adding or re- 


Fig. 5. Log pCO2/pH graphs for hemolyzed blood 


with varying content of hemoglobin. 


a. plasma 

b. 7.3 g hemoglobin per 100 ml 
c. 14.5 > > 

d. 19.5 > > 


moving plasma. The samples were hemo- 
lyzed by means of saponin and equilibrated 
with Oz—COs-mixtures of different pCOz. 
The corresponding pH-values were measured 
as described for standard bicarbonate. As 
was to be expected, the log pCO2/pH graphs 
showed increasing steepness with increasing 
concentrations of hemoglobin, as illustrated 
in Fig. 5. Similar results were obtained with 
blood from six normal persons. The graphs 
are displaced to the left as compared with 
graphs for unhemolyzed blood, because the 
erythrocytes are sligthly more acid than the 
plasma. We would emphasize that altera- 
tions in the slopes are small even with con- 
siderable variations in hemoglobin concen- 
tration. This means that when the pH is 
measured at a pCO2 close to 40 mm, 1. e. 
36—44 mm, corrections to 40 mm can be 


Fig. 6. Log pCOs/pH graphs for hemolyzed blood 
with a concentration of hemoglobin of 15.1 g per 
100 ml, after the addition of HCl or NaOH. 
no addition 
addition of 50 wl N NaOH per 2 ml of blood 
» 25\0> N HEL > > 
> SO NHC) > > 


Bao Pf 


made from a mean graph. The error in- 
troduced will be negligible, provided that 
the hemoglobin concentration is within 11 
to 18 g per 100 ml. 

Log pCO2/pH graphs for blood with vary- 
ing content of acid/base. Hemolyzed blood 
samples with varying contents of hemoglobin 
(about 0, 7.5, 15 and 19 g per 100 ml) were 
made as described above. In 4 ml of these 
samples pH was measured at different pCO: 
(20, 40 and 80 mm Hg). 25 wl of N HCl 
was then added to each sample, and after 
re-equilibrating with the pCOz mentioned, 
the new pH values were measured. This 
procedure was repeated with another addi- 
tion of 25 wl of N HCl. Similar experiments 
were made with N NaOH instead of acid. 
In Fig. 6 are shown the log pCO2/pH graphs 
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for blood samples with hemoglobin conce: 
trations of 15.1 g per 100 ml. As wil | 


of which increase with the amount of < ¢ 
added. However, the differences in # 
slopes are small, and can be neglected 
corrections for pCOz wheny) this is close - 
40 mm. 


4. The slight hemolysis, which will ofte 
occur, can be neglected in routine wor 
which appears from the subsequent expe 
ment. In 344 consecutive determinations : 
standard bicarbonate, the degree of hem 
lysis was estimated by cenrtrifugation of # 
samples after pH-measurements, and # 
hemoglobin contentsin the plasma was dete 
mined photoelectrically. The results a 
shown in Table II. In another series | 
experiments large samples of stabilized bla 
were equilibrated at 38° C with an O2—CO 
mixture of pCOse close to 40 mm Hg. TI 
cells were separated from the plasma und 
the same conditions, and other samples 
hemoglobin contents varying from 0 to ab: 
19 g per 100 ml were made. These sampl 
were hemolyzed by means of saponin, 4 


Table II. The degree of hemolysis in 
344 consecutive determinations of standa 
bicarbonate. 


Approximate content 
of hemoglobin in 
plasma in g per 100 ml 


Number of samples 


0 6 
0.15 167 
0.30 96 
0.45 39 
0.60 17 
0.75 8 
0.90 3 
1.05 i 
1.20 ee) 
i) 1 
1.50 3 
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values were measured after re-equili- 
ing as for standard bicarbonate. In this 
it was found that the pH in the plasma 
eases about 0.010 for each g of hemo- 
in which has been liberated by hemo- 
in 100 ml of plasma. This shows that 
slight hemolysis that might occur during 
procedure described for standard bi- 
onate can be neglected. It was found by 
rience that the bubbling time should not 
ed one hour without checking the hemo- 


The procedure described has proved 
- convenient and simple. It is less 
- consuming than COs-analysis with the 
way or Van Slyke techniques. It should 
nentioned that the method can also be 
| to advantage when determinations of 
J2 in blood are made according to Astrup 
16), as several samples of “separated”’ 
ma can then be equilibrated simultane- 


y. 


aPPLICATION OF THE METHOD 
IN CLINICAL WORK 


he application of the method in clinical 
< necessitates the knowledge of normal 
es. Further, it is of interest to know 
relation between changes of standard 
rbonate and the amount of invading acid 
ase in the blood. Finally, it might be 
terest to compare the values of standard 
rbonate and of total COe in the same 
"allie 

ormal values. Normal values were 
rmined in the blood from 179 persons, 
men and 85 women, aged 18—62, the 
tity being between 20 and 30 years old. 
mean value, M, was 21.7 mEq per 1, 


the standard deviation, + 1.4 mEq per 1. 
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Thus M + 20=18.9—24.5 mEq per 1. 80 per 
cent of the values were between 20.0 and 
23.0 mEq per I. 

The greater part (about 85 per cent) of 
the samples were from blood donors, from 
whom the blood was drawn at the end of 
the blood-letting. It is likely that some accu- 
mulation of lactic acid has occurred during 
the long period of stasis, so that the values 
tend to be too low. The time of the latest 
meal before sampling was not recorded. 
Many of the persons were no doubt in the 
phase of postprandial alkaline tide which 


will tend to give to high values. If blood 


samples were drawn from fasting persons 
with the usual degree of stasis, one would 
expect a narrower range of normal values 
than those found above. 

The relation between standard bicarbonate 
and the invading amount of strong acid or 
base in the blood. This important problem 
was investigated as described on pp. 6 to 7 
when obtaining the log pCO2/pH graphs. 
Acid or base was added to hemolyzed blood 
with varying concentrations of hemoglobin, 
and the pH at pCOz=40 mm was determined 
from the log pCOz/pH graphs. 

In Table III are shown the pH values of 
six samples with hemoglobin concentrations 
about 7.5 g per 100 ml, made from the blood 
of normal persons. Measurements on samples 
with hemoglobin concentrations of about 0, 
15 and 19 g per 100 ml resulted in similar 
tables. By use of average values of pH, as 
will be seen in the last column of the table, 
the average concentrations of bicarbonate 
at pCOz2=40 mm were calculated. The 
value 6.11 was used for pKi. When the con- 
centrations of bicarbonate, thus calculated, 
are plotted against the amount of added 
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Sample No. if 
Hemoglobin in g per 100 ml .......... TA 
25 mEq NaOH added perlofblood.... 7.51 
12.5 mEq NaOH added per! of blood . 7.40 
Nofaddition sy. ca cccuub ss ase es weeee Tela 
12.5 mEq HCl added perl of blood .... 7.04 
25 mEq HCl added per 1 of blood ...... 6.71 


strong acid or base, the graphs will be prac- 
tically straight lines, as shown in Fig. 7. 
The slope of the lines indicates the buffer 
capacity of the samples. At each concentra- 
tion of hemoglobin the difference between 
the values before and after the addition of 
acid (or base) will be a measure of the 
amount of acid (or base) added. At higher 
concentrations of hemoglobin a greater part 
of the acid or base added will be buffered 
by this protein, and the change in bicarbonate 
will be correspondingly smaller. At the con- 
centrations of hemoglobin in our samples, 
1. e. about 0, 7.5, 15 and 19 g per 100 ml, the 
addition of strong acid or base will give rise 
to changes in the concentration of standard 
bicarbonate amounting to about 69, 56, 44 
and 38 per cent respectively, expressed in 
percentages of the amounts of strong acid or 
base added. 

In Fig. 8 is seen a graph relating the con- 
centration of hemoglobin to changes of bi- 
carbonate, expressed as percentages of strong 
acid or base added. The graph can be used 
to estimate the amount of invading acid or 
base in patients blood (calculated as strong 
acid or base). If, for instance, the 
hemoglobin concentration is 11 g per 100 ml, 
and the standard bicarbonate is 15 mEq per 1, 
the blood has been invaded by an amount 
of acid which equals 13.4 mEq strong acid 


2 3 4 5 6 Ave 
Tes} TBI 7.8 8.0 8.0 7.6 
TAT Tesh | 751 — — de 
7A1 — — — — Ue 
7.26 7.28 7.28 Tae. 7.26 ve 
6.99 7.05 7.01 7.02 7.05 ae 
6.66 6.65 6.69 6.72 6.72 6. 


per 1 of blood. The deviation in standa 
bicarbonate from the normal value (21. 
is 6.7, and this will correspond to abo 
50 per cent of invading strong acid. 


+25 


mEq NaOH, added 
per L of blood 


mEq HCl added 
per L of blood 


35 


20 25 30 


Fig.7. Relation between added quantities of 
or NaOH and values of bicarbonate at pl 
= 40 mm Hg in hemolyzed blood with differ 
content of hemoglobin. 

a. plasma x 

b. 7.6 g hemoglobin per a ml 

oe SEAL > 

d. 19.0 > 
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hemoglobin 
Q per 100 mL 


0 5 W 15 DW 2 30°35 40 45 50 55 60 65 70 75 80 
alteration in standard 
bicarbonate as percentage 
of added strong 
acid or base 


8. The change of standard bicarbonate, expres- 
as percentages of strong acid or base added. 
For further explanation, see text. 


elation between standard bicarbonate and 
-CO2 in serum. In the case of 311 pati- 
we supplemented the determination of 
dard bicarbonate with determination of 
| COz in serum from blood drawn anae- 
cally from the same venipuncture. The 
-determinations were made with the 
way technique, which has been used in 
laboratory with a standard error of 
2 mEq per | (J@rgensen, 1956). In 
9 are shown the corresponding values. 
greater part of the values are within 
normal limits. Low values of standard 
rbonate correlate with low values of 
-COz2, as was to be expected. The 
2 holds true of many of the high 
es of both quantities. 43 samples show 
yrmal total-COz value, but either a too 
(12 samples) or a too high (31 samples) 
e of standard bicarbonate. 23 samples 
y a normal standard bicarbonate, but a 
high (18 samples) or a too low 


stand. HCQ;* 
meal 


90 11 12 43 14 15 16 17 18 19 20 2422 2326 252 27 2829 30H 32.33.34 35 36 7 


Fig.9. Correlation between values of standard 
bicarbonate and of total-COz in serum from 
311 patients. 


(5 samples) value of total-COz. Thus in 
66 out of 311 cases the total-COz value failed 
to give the information wanted about non- 
respiratory disturbances in the acid-base 
metabolism. The failures may be due to com- 
plicating respiratory disturbances or incorrect 
drawing of the blood. 


SUMMARY 
Standard bicarbonate, i.e. the plasma 
bicarbonate concentration in fully oxygenated 
blood at 38° C when pCOsz is 40 mm Hg, 
is considered the best available measure of 
non-respiratory disturbances of the acid/base 
metabolism. 


A method for determination of standard 
bicarbonate is presented and thoroughly dis- 
cussed. The method requires about 5 ml of 
blood which can be taken without special 
precautions. The method is simple and has 
proved valuable in clinical routine work. 

The relation between changes in standard 
bicarbonate and invading amounts of non- 
volatile acid/base in the blood is_ briefly 
discussed. 
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e concentrations of uric acid in the 
rospinal fluid, both the so-called normal 
ge and the normal range, are reported 
inconsistently in the literature. Thus 
rill (1931) found an average of 16.7 
1 in healthy persons when Folin’s pro- 
‘e (1924) was used, whereas Buchanan, 
; & Christman’s enzymatic colorimetric 
od revealed an average of only 2.4 ug/ml 
e hands of Wolfson, Levine & Tinsley 
a}. 

e reason for these discrepancies and 
for the enormous concentration ranges 
1 (Fig. 1) is undoubtedly the lack of 
icity and sensitivy of the non-enzymatic 
iques, which most often show high fig- 
and a wide scattering of the analytic 
iS. 

unded on the principles for the deter- 
tion of purine compounds (Kalckar, 
), very accurate, sensitive, and con- 
nt methods for uric acid determination 
described in detail by Pretorius (1949) 
by Pretorius & Poulsen (1953). In 
Jorgensen & Poulsen published a tech- 
which includes the determination of 
line plus hypoxanthine. These proce- 
are readily applicable to plasma, serum, 
irine analysis, and allow, by only slight 
fication, accurate measurements on small 


[ Uric acid in 
28 -cerebro-spinal 
| ia, g/ml 


1924 
1934 
1933 
1937 
1938 


Fig. 1. Reports on the uric acid concentration in 
the literature through 35 years. 1956: the findings 
of the present authors. 


‘amounts of cerebrospinal fluid, ‘aqueous 


humor, tears, saliva, sweat, lymph, and joint 
fluid. 


MATERIAL AND METHODS 
Material 


The determination of uric acid in the cerebro- 
spinal fluid includes a total of 118 subjects, viz. 
61 men and 57 women. The age distribution is 
recorded in Table II. A simultaneous analysis of 
the uric acid concentration in plasma and the cere- 
brospinal fluid was performed in 35 subjects. The 
concentration in the cerebrospinal fluid of xan- 
thine -- hypoxanthine was determined in 18 sub- 
jects, and in 22 post mortem cases. 


1 We wish to thank the Director of the Univer- 
sity Institute of Forensic Medicine, Prof. Knud 
Sand, M. D., for collaboration as regards the 
sampling. 
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The patients included were all suffering from 
surgical diseases, ¢.g., hernia, ulcer, and fracture. 
No hereditary disposition for gout or other diseases 
of metabolism is on record, and no subjects with 
renal diseases are included in the material. 


ANALYTICAL METHODS 
Uric acid 


Only slight modification made the techniqu2 
(Pretorius & Poulsen, 1953) applicable in the 
analysis of cerebrospinal fluid. Because of the 
small content of protein it is not necessary to di- 
lute this fluid as much as plasma. Hence uric acid 
can be determined with the same accuracy in bo‘h, 
despite the very low concentration of this compoun 1 
in the cerebrospinal fluid. 

The spectral change, which occurs upon the a !- 
dition of glycine buffer with pH 9.3, represents a 
highly important source of error. Within the first 
1—2 hours after buffering the fluid a pronounced 
fall in extinction will occur in the ultraviolet be- 
tween 240 and 300 my; the decrease is maximal 
at 263 mu and not at all negligible at 290—295 mu, 
the maximum of the uric acid spectrum. The rate 
of the spectral change increases with pH and with 
temperature but not with the nature of the buffer 
as was previously suggested (Pretorius, 1949). 
Recently we showed that the change of the spec- 
trum is due to an oxidation of ascorbic acid: 

The spectral change from 240 to 300 mw is quite 
similar to the spectrum of ascorbic acid. (Fig. 2). 
The addition of this compound to the tuffered 
spinal fluid in the optic cell, when the spontaneous 
extinction fall has come to an end, produces an 
instantaneous rise of the extinction in the wave- 
length range, and this rise is proportional to the 
added amount of ascorbic acid. The rate at which 
the rise is abolished is quite similar to the rate of 
the spontaneous extinction fall, the cause of which, 
therefore, must be the original amount of ascorbic 
acid in the spinal fluid. 

At 263—265 my the oxidation of 100 micromole 
ascorbic acid per liter corresponds to an extinction 
decrease of 0.110. When the cerebrospinal fluid is 
taken and kept under anaerobic conditions, there is 


~ fluid 


Fig. 2. Absorption spectrum of fresh cerebrospi 
immediately after buffering at pH 
@©—®), and 3 hottrs later (@—®@). The 
ference between these two spectra (0-——0o) is @ 
to the spectrum of ascorbic acid (A—A> im 
diately after its addition to the buffer or 
buffered spinal fluid. The added amount of asco 
acid made a concentration of 300 micro 
mole per liter. 


agreement between the measurements of ase 
acid determined by the dinitrophenylhydrazin 
thod (Daubenmerkl, 1949) and the sponta 
extinction decrease at 265 mu. 

Failure to oxidize all ascorbic acid of the § 
fluid before the addition of uricase results in fé 
high figures of the uric acid concentratior 
room temperature the ascorbic acid in the 
fered cerebrospinal fluid is slowly oxidized; 
buffered at room temperature (22°) the sp 
change is finished in 1—2 hours, and if the 
fered spinal fluid is heated in a water-bath 
—90° the reaction is completed in 15 mi 
Recovery experiments showed that the uric 
content of the cerebrospinal fluid was unaf 
by the procedures involving the oxidation of a 
bic acid, originally present or added to the 
In our determinations of uric acid in plasm 
presence of ascorbic acid is not a:source of | 
because the dilution ratio plasma/buffer is 1 
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Technique 


) ml of cerebrospinal fluid is mixed with 1.5 ml 
M/15 glycine buffer of pH 9.3—9.4. The mix- 
is heated for 15 minutes in a water-bath just 
he boil, cooled to room temperature, and placed 
e measuring cell. The reference cell contains 
yuffer or only water. The enzymatic analysis 
tformed as in serum uric acid determination. 
ll analyses were run in duplicate although the 
rence between the two figures was always less 
3 per cent. 


Hypoxanthine and xanthine 


hen the uric acid determination is finished the 
se in the measuring cell is destroyed by the 
ion of 200 wl 1.5 N—NaOH, which one minute 
is neutralized by 200 ul 1.5 N—HCI. pH is 
sted to 8.2 by 200 wl 0.6 M glycylglycine buffer 
20 wl xanthine oxydase solution is added. (For 
reparation of this enzyme and the glycylcine 
sr, see Kalckar, Kjeldgaard & Klenow, 1950, 
also Jorgensen & Poulsen, 1955). In less than 
hour the xanthine and hypoxanthine will be 
zed to uric acid. That this reaction is com- 
1d might be ascertained by checking that no 
er increase of the extinction takes place at 
my. After changing pH to 9.3 by 300 ul 2M/3 
ne buffer the formed uric acid is measured 
uricase against a reference cell with the same 
nts as the measuring cell. 

1e concentration of the two hydroxypurines 
expressed in terms of uric acid. The calcula- 
is based on the dilution ratio, which is 1/2.6, 
the fact that 1 wg uric acid per ml of the 
uring cell corresponds to an extinction de- 
e at 292.5 mu of 0.0745. 

| hydroxypurine analyses were performed 
. Deviations from the mean never surpassed 
mcent. 


RESULTS 


s in plasma and serum the average uric 
concentration in the cerebrospinal fluid 
igher in men than in women (Table I). 

distribution and uric acid concentra- 
within 10-year groups are recorded in 
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Table I. The uric acid concentrations in 

cerebrospinal fluid from men and women. 

Mean, standard deviation of the individual 

observations, (s) and standard error of the 
mean (s.e.m.) expressed in ug/ml. 


Sex Number 


mean s s.e.m. 
of obs. ug/ml ug/ml ug/ml 

M. 61 Sef, des 0.17 
Ey 57 Pad 1.0 0.14 


Table IL. Age distribution of uric acid in 
cerebrospinal fluid after division of the 
observations into 10-year-groups. 


Men Women 
Number ug/ml Number ug/ml 
of obs. of obs. 
21—30 2 0.21 + 0.27 
31—40 5 0.22 9 0.22 
41—50 16 0.33 15 0.25 
51—60 9 0.38 12 0.23 
61—70 21 0.41 10 0.34 
71—80 i 0.43 3 0.41 
81—90 2 0.32 1 0.47 
91—100 0 — 1 0.50 


Table III. The uric acid concentration in 

cerebrospinal fiuid from men and women. 

Mean and normal range in tig/ml. Number of 

observations within the normal range of 
variations (mean +-2s). 


Sex Mean Normal range Number of obs. 
ug/ml ug/ml within normal range 

M. Sa 1.1—6.3 59=97 per cent 

F, pee | 0.7—4.7 55=96 per cent 


Table II. A moderate elevation of the uric 
acid concentration with age seems probable, 
but not definitely proved. 

If normal range be interpreted as mean 
+ twice the standard deviation of the indi- 


Number of 
subjects 


5 6 
Concentration of uric acid in 
cerebro-spinal fluid. ug/ml 


Fig. 3. The distribution of uric acid concentrations 

in cerebrospinal fluid from 61 men and 57 women. 

Class range: 1 mg/ml. Ordinates: number of su5- 

jects. Abscissae: concentration of uric acid in cere- 
brospinal fluid, «g/ml. 


a 


40 | Hypoxantin 
460 | Aantin, wg /m! ° 


0 n \ f ai n 


1 1 iT i 
Q 4 8 2 ic” 5 Piece ree ha 36. 
Hours from death time 


Fig. 4. Hypoxanthine plus xanthine, measured in 

terms of uric acid, in the cerebrospinal fluid with- 

drawn post mortem by puncture of cisterna magna. 

Abscissa: time after death, hours. Ordinates: con- 
centration, g/ml. 


vidual observations, more than 95 per cent 
of the observations (Table IIT) will come 
within these limits, viz. in men 1.1 to 63 
ug/ml, and in women 0.7 to 4.7 ug/ml. The 
few observations outside this range are all 
beyond the upper limit. 
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In 35 subjects, in whom the uric acid w 
measured simultaneously in the cerebrospit 
fluid and the blood plasma, the spinal flt 
concentration was found to average 6 per ce 
of the concentration in plasma; the 
ations ranged. between 2 and 10 per cent 

It will be noted from Fig. 3 that the dist: 
bution in men and in women is similar 
normal distribution curves. ; 

The concentrations of hypoxanthine a 
xanthine were lower than the uric acid ¢0 
centrations and averaged 0.97 yg/ml, ft 
range being 0.25 to 1.50 ug/ml. ) 

Fig. 4 shows a more than 100-fold increa 
of the concentration of hypoxanthine a1 
xanthine in the cerebrospinal fluid af 
death. These findings might be of intere 
in forensic medicine. 


SUMMARY 


The uric acid concentrations in the cer 
brospinal fluid from 61 men and 57 wom 
were analysed by enzymatic spectrophot 
metry. Mean ranges were 3.7 ug/ml ai 
2.7 g/ml, respectively. More than 95 9 
cent of the observations ranged within 1s 
6.3 ug/ml in men, and within 0.7—4.7 ugh 
in. women. In a less comprehensive mate! 
the concentration of hypoxanthine + xa 
thine was found to range between 0.25 
1.50 wg/ml. After death this concentrati 
is increased 100-fold. 
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ON THE DETERMINATION OF MAGNESIUM IN SERUM 
AND. URINE BY THE. TITAN-YELLOW METEOR 
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From the Central Laboratory, Centralsygehuset, Holbek, Denmark 


(Received for publication November 1, 1956) 


The aim of this work is to investigate the 
applicability of the titan yellow method for 
the determination of magnesium, primarily 
in serum and urine. 

The principle, first mentioned by Kolthoff 
(1927), is that titan yellow and magnesium 
hydroxide in an alkaline environment will 
combine to form a red lake, the intensity of 
which under adequate conditions will be pro- 
portional to ithe magnesium concentration. 

The advantage of the method is, first and 
foremost, that it is quick and simple. A 
number of modifications adapted for various 
purposes have been described; for refer- 
ences to literature cf. among others Johnson 
(1952). The procedure used in this study is 
in particular based on works by Garner 
(1946) and Orange & Rhein (1951). 

In what follows is given an account of the 
modification of the method we have arrived 
at as the one best serving the purpose, as 
well as a discussion of the various steps of 
the analysis. 


PROCEDURE 


Reagents: 1) trichloracetic acid 10 per cent 
2) polyvinyl alcohol 0.2 per cent 
3) titan yellow 15mg per cent 
4) sodium hydroxide 20 per cent 
5) standard: magnesium sulphate solu- 
tion with 2 and/or m.equiv. Mg/L. 
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Serum: 6 ml trichloracetic acid and 1 ml sé 
are measured in centrifuge tubes, shaken, allo 
to stand for at least 10 minutes and centrifuga 

2 ml of clear centrifugate is drawn by meant 
a pipette; 0.5 ml polyvinyl alcohol, 2.5 ml t 
yellow and 1 ml sodium hydroxide are added. | 
carefully, allow to stand for 10—20 minutes, 

Standard: 1.0 ml magnesium sulfate solutios 
used instead of serum. : 

Blank: 1.0 ml distilled water is used instead 
serum. — 

Measurement: the extinction of the solutior 
determined by Beckman photometer, model 
wave length 540 mu, 10 mm cuvette, reading 
against water. 


Equation : 
ext. sample — ext. blank 


——__——_—_—_.— X conc. stand.= Mg nie 
ext. stand. — ext. blank bi 


Urine: After careful mixing of the urine 
treated like serum. Allowance to be made fo 
color of the urine proper which is determine 
the extinction of a sample treated exactly as 
lysis proper, but using 2.5 ml of distilled 1 
instead of titan yellow. The extinction of the 
proper is not determined as against pure wate 
against a blank where the titan yellow is rep 
with water. 

If the extinction of the urine exceeds 0.60 
urine must be diluted. 


Equation: , 
ext. sample — ext. proper col..— ext. 
ext. stand. — ext. blank 

x conc. stand. = Mg m.eq./L. 
Duplicate determinations are used everyw 
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DETAILS OF METHOD 
1¢ principle as described by Kolthoff 
7) is an adsorption of titan yellow on 
surfaces of colloid Mg(OH): particles 
eby is produced a clear red lake and 
| which is gradually separated a red 
nent. 
1e adsorption theory is confirmed by 
ser & Dautzenberg (1952), who ex- 
ed the sediment by means of electron 
oscopy and X-ray diffraction. It thus 
0 be made clear that it is a reaction of 
OH): and not of free Mg ions. 
; stabilizer to counteract sedimentation 
been used starch, gum ghatti and poly- 
| alcohol (Heagy, 1948). 
1e quantity of magnesium which theo- 
ally can be determined by this method 
sstricted downwards by the solubility 
uct of Mg(OH)e (1.2 & 10-11), up- 
ls partly by the quantity of colloid which 
be kept suspended by the stabilizer given 
rahamezik, 1949), partly by the quantity 
itan yellow which must be sufficient 
reaction wtih the whole quantity of 
OH)s2 in the sample. The procedure de- 
ed here is based on Mg concentrations 
O x 104 times above the lower limit. 
ange & Rhein (1951) have proved that 
protein bound Mg is determined by this 
od. 
er's law. The practical application of 
method is conditioned by the fact that 
ntensity of the color is proportional to 
Vig concentration. This has been tested 
neans of known MgSOs solutions in 
led water, and the results are recorded 
e curve, Fig. 1(b). It will be seen that 
urve follows a straight course up to Mg 
entrations of about 10 m.eq./L. equal 


to an extinction of about 0.650. Here it de- 
flects and in case of higher concentrations 
there is a slight fall even before tke test 
shows macroscopically visible sedimentation 
consisting of coarse, red fluffs which sedi- 
ment slowly. leaving the supernatant flu‘d 
clear. 

In spite of the fact that we have to do with 
a suspension of colloidal particles, and not 
with a solution, Beer’s law is thus valid 
within the concentrations stated. Correspond- 
ing results have been reported by Garner 
(1946), Kunkel (1947), Craig (1951) and 
Orange & Rhein (1951). Glemser & Daut- 
zenberg (1952) who use a quantity of titan 
yellow varying with the quantity of Mg 
(and by routine add CaCle) do not find the 
curve linear at the lowest Mg concentrations. 

As it is of importance that the straight lined 
course of the curve is as long as practically 
possible, in particular as far as regards the 
urine examinations with the greatly varying 
Mg quantities, investigations on the impor- 
tance of alteration in the various factors in 
that respect have been made. 

Titan yellow (methylbenzothiazol-(1,3)- 
4,4’-diazoamminobenzol-2,2’-Na salt of di- 
sulfon acid) is a yellowish powder soluble 
in water. It is an acid-base indicator, the 
color of the solution being pure yellow below 
pH 12, changing via brown to orange at in- 
creasing pH. Abrahamezik (1949) states that 
it is only in an acid solution that titan yellow _ 
is in jreal solution while in alkaline environ- 
ments it appears a colloid. 

A solution with 50 mg/100 ml titan yellow 
in water is stable in a dark bottle for weeks 
and consequently this is usable as a stock 
solution while a 15 mg/100 ml solution has 
to be made afresh at few days’ interval owing 
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SO O88 202 VS aS 
Mg. mEq/L 


Fig. 1, The dependency of the extinction on the 
quantity of titan yellow. a) 20 mg 100 ml, 
b) 15 mg 100 ml, c) 10 mg 100 ml and 
d) 5 mg 100 ml. 


to the fact that the extinction of the analysis 
becomes less the longer the solution of titan 
yellow has been left standing. 

From Fig. 1 it appears that the slope of 
the curve is independent of the quantity of 
titan yellow to an essential degree, but that 
the deflection takes place at a smaller ex- 
tinction value the less titan yellow one uses. 
Thus the quantity of titan yellow that is ab- 
sorbed per unit Mg(OH)e is constant. 

An absorption spectrum for a pure titan 
yellow solution of a concentration like that 
of the ready made test samples shows a 
pointed monophasic curve with a maximum 
about 405 mu, Fig. 2(a) for the interval 
tested, 400—600 my. 

The other curves in Fig. 2 show the in- 
fluence of the individual factors on the color 
of the solution as it appears at the analysis. 
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450 500 $50 


Fig. 2. The dependency of the absorption @ 
on the individual components. a) titan yell 
b) titan yellow + trichloracetic acid + Nat 
c) titan yellow + trichloracetic acid + NaOH 
polyvinyl alcohol in the proportion of quent 

used for the analysis. 


Trichloracetic acid reduces the intensity 
the color, but does not alter the pringi 
course of the curve, and for this reason 
corresponding curve has been left out 

Sodium hydroxide addition gives the 
sorption curve (b) an essentially allt 
character with two flat maxima (about 
and 470 mu). 

Polyvinyl alcohol addition will prod 
new monophasic curve (c), now wi 
maximum at about 495 mw. 

Fig. 3 illustrates the importance of 
polyvinyl alcohol addition partly to the 
sorption spectrum of the blank, (a,c), p 
to the corresponding curve for a solt 
with 5 m.equiv. Mg per litre. (b, d). 
the curves it can be seen that the spec 
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450 500 550 mp 


3. The dependency of the absorption curve on 
individual components. Trichloracetic acid con- 
ing solutions of a) titan yellow + NaOH, 
titan yellow + NaOH + MgSOa (5 meq. 
L.), c) titan yellow + NaOH +4 polyvinyl 
hol, d) titan yellow + NaOH + polyvinyl 
hol + MgSO (5 m.eq. Mg/L.) in the pro- 
portion of quantities used for the analysis. 


ompletely altered, that the polyvinyl al- 
ol increases the sensitivity (measured 
the extinction difference between the 
mple”’ and “blank” corresponding to 
my) by about 15 per cent, and that the 
ice of reading wave length is relatively 
levant in the range from 510—560 mu if 
7 it is kept absolutely constant within each 
es of readings. 

.s the readings are made on a very steep 
t of the curve it follows that a known 
dard must be included in each series 
ead of application of a fixed standard 


curve, cf. also the dependency of the ex- 
tinction on the age of the titan yellow 
solution. 

Wave length. Repeated investigations on 
the importance of choice of wave length have 
shown that from 530—550 my the extinction 
curves are practically parallel on variations 
of the Mg concentration (cf. curves) and 
that thes ensitivity is most pronounced here. 
Maximum for these absorption curves is 
shown to change from about 500 to about 
520 mu by altering the Mg concentration 
from 0.5 to 10 m.eq./L. 

It is also possible to determine the Mg 
concentrations by measuring the drop in the 
extinction occurring about 400 to 495 my 
with maximum at about 440, but the drop 
as expressed in per cent is smaller than the 
increase in the absorption at the wave length 
range chosen. 

Influence of pH. By recording curves on 
the variations in absorption ratio with iden- 
tical Mg concentrations but with increasing 
OH~ concentration, the importance of the 
hydroxyl-ion concentration is shown to ap- 
pear as an increase of the color intensity. 

However, it can be shown that the dif- 
ference of extinction with variations in the 
quantity of Mg decreases with incseasing pH, 
i.e. the sensitivity of the analysis abates. 
With about 3 per cent NaOH in the final 
solution, it has been found that the pH of the 
initial material does not essentially affect the 
result of reading, and at the same time one 
is working with a practically sufficient sen- 
sitivity. 

Foreign ions. The importance of foreign 
ions has been treated by several authors, e.g. 
Glemser (1952) and Craig (1951), who em- 
phasize that a number of metal ions, in par- 
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ticular aluminium, copper, manganese, iron, 
calcium, and others may disturb the reaction 


either by forming colored hydroxides or in- _ 


hibiting the formation of the titan yellow — 
Mg(OH)s: complex. 

Indeed, a consequence of this has been the 
development of a number of methods with 
addition of various salts to compensate this 
circumstance (e. g. Craig, 1951), while Abra- 
hamcezik (1949) prefers to separate these 
foreign ions. 

In the examination of serum and urine 
most of these ions may, however, be left out 
of consideration as they occur in such small 
amounts — or in such constant proportions 
— that they are of no practical importance 
in this connection. 

Investigations made by Garner (1946) 
-and Orange & Rhein (1951) show that the 
calcium ion does not play any role under the 
test conditions applied. 

Oxalate and phosphate have been investi- 
gated with a view to the influence of these 
ions on the color ‘reaction by Orange & Rhein 
(1951), Garner (1946), and Heagy (1948) 
respectively, who find them of no im- 
portance. 

All three ions have proved to be without 
importance to the accuracy of the analysis 
with the method described here. 

Special studies on the influence of the Ca 
ion have been made by comparing the ab- 
sorption curves (from 400—600 mu) of 
solutions with and without Ca. It appears 
that up to 1 per cent CaCle in the initial 
material does not affect the course of the 
curves in the interval between 510—560 my, 
while there is a slight reduction in the ex- 
tinction in respect of solutions with Ca out- 
side this interval. 
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The natural color of the sample is of t 
portance only in thec ase of urine where fl 
procedure applied will generally give an & 
tinction of 0.010—0.020, but may rise ‘ 
about 0.050 corresponding to the extinctt 
for a Mg solution with a concentration 
0.8 m.eq./L. The value of the extincti 
of the natural color for this reason has tol 
determined, yet it must be pointed out th 
the procedure reported here, 7. e. determin 
tion against a blank, where the titan yell 
has been replaced with water, instead 
against pure water, will bring about ani 
creased accuracy of practical importan 
only in case of small Mg concentratio 
(at 1 m.eq. Mg/L. it may mean up to 5p 
cent). Smaller values are but rarely fou 
in the urine. 

The importance of the time factor: by1 
peated readings of the same sample 7 
found that the color reaction appears pra 
tically momentarily and that within 3 how 
hereafter an even and very slow drop int 
extinction appears, parallel for the bl 
values and the Mg containing solutions. 7 
drop, however, does not exceed 5 per cen’ 
these three hours. 

If, therefore, it be decided to read betw 
10 and 20 minutes after the NaOH additi 
the time factor has no bearing on the re 
of the reading. 

The accuracy of the method: In recoy 
tests the method reported here has gi 
results which vary maximally = 5 per ¢ 
from what is calculated, while repeated t 
with the same samples of serum or w 
give standard deviations between 2—3 
cent in a series comprising 10 tests. 
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MAGNESIUM CONCENTRATIONS 

IN SERUM AND URINE 
ormal values for serum magnesium have 
determined in 40 normal persons 20— 
ears of age. An average of 1.87 m.eq. 
L. (SD = 0.17) was found, correspond- 
fo a normal range (kX = 2s) between 
—2.21 m./eq./L. 
113 is in agreement with the results ob- 
d by a number of other authors by 
cation of titan yellow, Orange & Rhein 
1), Kunkel (1948), and others. 
irther, serum Mg has been determined 
3 patients suffering from different dis- 
3, those showing abnormal values of 
nm K, Na, Cl, have been preferred, in- 
ng patients with uremia and shock. 
rally, values deviating significantly 
1 the normal stated were not found. 
ever, agonally values as high as up to 
m.eq./L. have been found. 
1c excretion of Mg in the urine per 
ours has been determined in a number 
vatients on full ordinary diet. In 16 
nts, where the function of the kidneys 
1 be presumed to be normal and who 
not subject to treatment other than con- 
nent to bed, a total of 52 determinations 
[fz concentration in the urine were made. 
average excretion per 24 hours was 
id to be 4.3 m.eq. with minimum at 
nd maximum at 8.3 m.eq. Mg. 
irther investigations on the Mg content 
rine in the postoperative period are in 
ress. 

SUMMARY 

1 account is given of the titan yellow 
od and of the influence of the analytic 
ents. 
pecially it is shown that polyvinyl alco- 


hol exerts a vigorous influence on the ab- 

sorption spectrum and further increases the 

sensibility of the method. 

Presence of oxalate, phosphate and Ca 
has no bearing on the result. 

It is concluded that the method is well 
applicable to estimations of Mg in serum 
and urine. 
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Positive Wassermann and Kahn tests are 
not very unusual in endocarditis lenta 
patients. Most investigators believe, how- 
ever, that endocarditis lenta has seldom 
resulted from syphilitic valvular defect. In 
the material of Landau & Held (1925), com- 
prising 30 patients with endocarditis lenta, 
there were 10 cases with positive Wasser- 
mann reactions; the authors considered the 
reactions nonspecific. The 111 clinical cases 
of endocarditis lenta reported by Fulton & 
Levine (1932) included 11 instances of 
aortic valvular disease with a positive 
Wassermann test; only one of them could 
be attributed to syphilis. The present authors 
have previously (1956) reported on a mate- 
rial of 118 endocarditis lenta patients in 
which they found positive syphilitic sero- 
reactions in 13 patients with aortic defects. 
Although some of them showed a history 
of syphilis, others had also had a rheumatic 
infection, and in the cases which were autop- 
sied no evidence was seen to support the 
assumption that the endocarditis lenta had 
developed from a syphilitic defect of the 
valve. Moreover, Libman had already pointed 
out in 1917 how seldom endocarditis lenta 
was present when the valvular disease was 
of syphilitic origin. Rosenberg (1940), how- 


ever, considered endocarditis lenta as a 
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Consent tee of a syphilitic aortic valvi 
disease “no great rarity”. 

This is a study of the behavior of Wa 
mann complement-fixation (WR), choles 
rine Wasserman and Kahn flocculation fe 
taken from 221 cases of endocarditis Ie 
treated in First and Second Medical Clin 
of Helsinki University, in the Medical I 
partements of Maria and Kivela Hospit 
in Helsinki.1 


TECHNIQUE OF WASSERMANN ANI 
KAHN TESTS 


The serological reactions were tested at 
Department of Serology and Bacteriology of ] 
sinki University and at the State Serum Lab 
tory. The technique has-been described in 4 
earlier by Penttinen (1946). In some cases 
sitolipin test, V.D.R.L. flocculation test, 
sitolipin as antigen (Uroma & Tuomioja, 1 
was also made. The technical error of the Wai 
mann, cholesterine Wassermann and Kahn f 
tions in Penttinen’s (1946) material of 2 
pregnant cases tested by the same laboratories 
0.35 per cent. We can take it that the tech 
error for the present material is of the § 


1 We are indebted to the director of the | 
Medical Clinic Prof. William Kerppola, M. D, 
head of the Medical Department of the MW 
Hospital Prof. Guido Totterman, M. D., and 
head of the Medical Department of Kivela Hos 
Prof. Pauli Soisalo, M.D., for making — 
material available for us. 
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r. In the present work, seroreaction + was 
idered strongly positive and marked + in the 
ss below; + ?, +, —? were considered weakly 
ive and all marked + ? in the tables I and 
elow. 

CASES WITH POSITIVE SERO- 

REACTIONS 

ME the 221 cases of the present material, 
showed positive or weakly positive 
ssermann, cholesterine Wassermann or 
in reactions. In 11 cases the positive 
reaction was considered of possible 
nilitic origin, and in 50 cases the positive 
tions obtained were considered non- 
“ific. 

he cases in which the positive seroreac- 
was considered definitely or possibly 
to syphilis are given in Table I. The 
e indicates the reaction as positive if any 
of the samples taken from the patient 
€ a positive reaction. The past history 
line of these patients included syphilis. 
he remaining two cases all the seroreac- 


tions of the patient were positive; in one 
(Case 6) they were checked twice and the 
reactions were compatibly positive, in the 
other (Case 7) the seroreactions were only 
made once. Seven cases showed a history 
of rheumatic infection ; hence it is possible in 
these cases too that the endocarditis lenta 
had developed from a rheumatic heart lesion. 
Four patients showed failure of the aortic 
infection or congenital heart lesion, but in 
one of them only can endocarditis lenta be 
taken to have developed from a syphilitic 
aortic valvular disease. This patient (Case 


11) suffered simultaneously from tabes dor- 


salis and syphilitic aortitis. Streptococcus 
viridans grew on blood cultures, and the 
patient died of bronchopneumonia after 
being given 80 million 1. U. of penicillin 
and 20 g of streptomycin. Autopsy revealed 
syphilitic aortitis and changes of the aortic 
valve, plus soft vegetations in the endo- 
cardium below the aortic and mitral valves. 


Table I. The possibly specifically positive syphilis seroreactions 
of 11 endocarditis lenta patients. 


History of 
se WR Chol. Kahn Sito- History of | rheumatic Remarks 
WR lipin syphilis fever 
a ee as = + “ Cerebrospinal fluid WR+ 
2 ae + + + nil Aortic valve defect 
ae ot a5 + + Syphilitic mesaortitis 
= fs a oe a Aortic valve defect 
ce a ate = + ao No syphilis on autopsy 
a ae + +? nil + Cerebrospinal fluid WR+ 
= aa as + nil nil No details available 
| + =f Se air +: ai : : 
| ae ate a2 + = nil Cerebrospinal fluid WR~. 
Syphilitic mesaortitis, 
mitral failure. 
ae ae ue + + No syphilis on autopsy 
— — == ? Ae Sie nil Cerebrospinal fluid WR+. 


Syphilitic mesaortitis on 
autopsy. 
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Table II. The nonspecific syphitis seroreactions of 
50 endocarditis lenta patients. 


Case 


WR - Chol. 


WR 


Kahn 


Sito- 
lipin 


Remarks 


|) | |) p++ ++t+++4+ttt++tH+t+ 


ru tU SU SU UU SU UU 


Feet ah as nein jal dies 3 eee oe ee eS ee ay 


wu tu ru UU UU 


PHA HEHEEEEHHEE EEE HEHE HH+ | 44+ ttttta | te ttttse+4el] +t 


| 


| 


Laid 


a? 


+? 


Etiology of the heart disease obscure 
History of rheumatic fever 
No syphilis on autopsy 
History of rheumatic fever 
Etiology of the heart disease obscure 
No syphilis on autopsy 
a eed 
Se 
History of rheumatic fever 
ee 
No syphilis on autopsy 
Etiology of the heart disease obscure 
History of rhematic fever 
No syphilis on autopsy 
History of rheumatic fever 
Congenital heart disease 
No syphilis on autopsy 
History of rheumatic fever 
No syphilis on autopsy 
—)— 
—)— 
—))— 
—)—- 
History of rheumatic fever 
Etiology of the heart disease obscure 
History of rheumatic fever 
Etiology of the heart disease obscure 
No syphilis on autopsy 
Congenital heart disease 
No syphilis on autopsy 
—)— 
—)— 
Etiology of the heart disease obscure 
No syphilis on autopsy 
a 
History of rheumatic fever 
at 
——) 
— 
No syphilis on autopsy 
—)—— 
History of rheumatic fever 
No syphilis on aucopsy 
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Table II lists the seroreactions that were 
nsidered nonspecific in 50 endocarditis 
ita patients. The reaction is indicated as 
sitive if any one sample gave a positive 
sult, and as negative if the finding was 
gative for all the samples. For instance, 
e result WR+, Chol. WR+, Kahn+ does 
t necessarily mean that the tests with one 
d the same samples were positive; the 
sult may well have been composed of the 
dings for several different samples. 


The valvular lesion of the 50 endocarditis 
ita patients with positive syphilis reactions, 


ted in Table II, was not considered to be . 


syphilitic origin for the following reasons : 
) they showed no past history of syphilis, 
) they showed a past history of rheumatic 
ver (18 cases), or nothing indicative of 
philis was found on autopsy (23 cases) ; 
© cases had a congenital heart disease, 
) when the etiology of the valvular disease 
us obscure a syphilitic etiology was often 
ntradicted by the patient’s youth, or (4) 
e fact that no aortic lesion was found, (5) 
e positiveness of the seroreactions of the 
fferent samples showed considerable labi- 
y, one sample perhaps giving a single 
sitive reaction and then a negative reac- 
mn at the control test; in addition, the dif- 
rent simultaneous seroreactions were often 
ntradictory (see Table III). For instance, 
a weakly positive Kahn reaction was ob- 
ined it was regularly checked, and the sero- 
actions of each patient were taken an 
erage of 3—4 times. 

Table II shows that the reaction respon- 
le for nonspecific positiveness was mostly 
ahn, which was positive in 90 per cent of 
e 50 cases considered as nonspecifically 
sitive. However although the Kahn reac- 


Table III. The results of the original sero- 
reactions of 7 endocarditis lenta patients with 
an unknown etiology of the heart lesion. 


Case WR Chol. Kahn Sito- 
WR lipin 
12 — — —— 
= = +? 
an anus ==? 
coe San —? 
—_ a= —? 
16 =— Hz aa aa 
vas = a Se 
25 — oe — 
om Ef = 
26 — as ae 
= ae S5 
as +? 4°? 
— — a 
41 — —? aa = 
a=, i a = 
- Pw: te aes 
43 — — —? — 
49 


-- 


i 
| | 


| 


tion was positive in 89 samples from these 
45 patients, it was negative in 71, 44.4 per 
cent, of the samples taken from the same 
patients. Table II shows further that the 
cholesterine Wassermann of 28 patients and 
the Wassermann of 17 patients were positive. 
A total of 74 samples was taken from these 
17 patients, and WR was negative in 48 
of them. The sitolipin reaction also was 
tested for 23 of these 50 patients; the result 
was positive in 8 cases. 
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Table III gives the original seroreactions 
of the 7 cases in which the etiology of the 
heart lesion was obscure. 

For the 160 patients with negative syphi- 
litic seroreactions the result was mostly 
based on a single negative sample. Had 
several samples been taken in these cases it 
is possible that they too might have included 
positive seroreactions. 

Computed from the 221 cases of the total 
material, a non-specific positive WR was 
obtained in 17 cases or 7.7 per cent, a non- 
specific positive cholesterine WR in 28 cases 
or 12.7 per cent, and a nonspecific Kahn 
reaction in 45 cases or 20.4 per cent, and 
nonspecific findings independent of the reac- 
tion were recorded in a total of 50 cases 
or 22.6 per cent. 


DISCUSSION 

The incidence of positive Wassermann 
and Kahn tests in the present material is 
fairly high. Among 61 patients with positive 
seroreactions there were 11 cases in which 
the positive seroreactions may have been due 
to syphilis, although endocarditis lenta had 
only developed from a syphilitic valvular 
defect in a single case. This amounts, for 
the material, to a rate of 5 per cent for posi- 
tive syphilis seroreactions that are to be con- 
sidered syphilis-induced, a rate which is 
somewhat higher than the lues incidence of 
these hospitals, 2.68 per cent, or 2239 in- 
stances of syphilis out of a total of 83 036 
.cases. These 2239 patients had tertiary 
syphilis, including cases in which the diag- 
nosis of syphilis was made on the basis of 
medical history alone without any clinical 
or serologic indications of syphilis (lues 
medicata), and those in which only the posi- 
tive seroreactions suggested the presence of 


W. J. KAIPAINEN AND K. SEPPALA 


: 
syphilis. The latter cases, therefore, incluc 
some of the cases considered as nonspecif: 
in the present material. Hence it is possib’ 
that the positive seroreactions were now nor 
specific in some of the syphilitic cases of th 
group now considered as syphilitic (11 pat 
ents). In an earlier material, published b 
Maijala, on seropositive tertiary syphil 
treated by Helsinki University Outpatier 
Medical Clinic in 1936—37, 10954 cass 
included 3.44 per cent of syphilis. 

The balance of the positive syphilitic ser 
reactions of the 50 patients must be coi 
sidered nonspecific. The technical error | 
the same laboratories in a material of ov 
20 000 patients was.0.35 per cent, —_ 
for the present study. 

All this notwithstanding, it might see 
desirable to consider that the positive syph 
litic seroreactions taken as nonspecific we 
in fact due to syphilis, and that the labili 
or possible weakening of the reactions r 
sulted from the large doses of antibigl 
used to treat the endocarditis lenta. 7 
elucidate this point, we have collected fro 
among the patients with tertiary syphil 
treated at our clinic (the Second Medic 
clinic) 14 cases treated with more than 
million I. U. of penicillin, and studied he 
the treatment given affected the positivene 
of the seroreactions. In four of the “4 
the positiveness of seroreactions was wea 
ened, or had even turned negative; this, ho 
ver, did not happen during the bs 
treatment in the hospital but gradually 
%—2 years. In the balance of 10 cases t 
seroreactions during this period continu 
strongly positive. This, we find, contradi 
the assumption that the syphilitic serore; 
tions of the 50 endocarditis lenta patie 
considered nonspecifically positive mig 
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> been specific and the lability caused by 
tment. 

S nonspecific seroreactions were found 
2.6 per cent of the 221 endocarditis lenta 
ents of our material, these reactions are 
0 great importance in the syphilis diag- 
s of endocarditis lenta patients. On the 
rt hand, they may be of importance in 
irming the diagnosis of endocarditis 
a now that the classical picture-of the 
ase has changed due to antibiotic treat- 
it, and diagnosis is complicated. Although 
onspecific positive seroreaction of this 
» is not comparable in diagnostic value 
1 the cardinal symptoms of endocarditis 
a, it is surprising that its incidence may 
al that of clubbing which was present in 
per cent of the 200 endocarditis lenta 
ents included in the material of Parsons, 
per & Scheifley (1953). But in severer 
‘s clubbing is more frequent; e.g. Kai- 
en & Seppala (1956) report an incidence 
3 per cent in 118 cases. 

though medical history data on syphilis 
always unreliable — “every syphilitic is 
ar’ -— it should be remembered on the 
s of both earlier investigations and the 
gent that the physicians in charge of 
ocarditis lenta patients should not un- 
sssarily add the unpleasant diagnosis of 
ailis to the patient’s list of diseases when 
diagnosis is based mainly on an erroneous 
uation of a nonspecific syphilis reaction. 
only gives the patient and his family 
ous psychic traumata. 


SUMMARY 
A positive or weakly positive syphilitic 
reaction (WR, Chol. WR, Kahn) was 
sd in 61 cases of a material of 221 endo- 
litis lenta patients. In 11 cases (5 per 


cent) the positive seroreaction was possibly 
due to syphilis; in only one of these cases 
was endocarditis lenta found to have devel- 
oped from a proved syphilic valvular defect. 

In 50 cases (22.6 per cent) the syphilitic 
reactions were considered nonspecific ; in 
addition to negative history of syphilis, the 
opinion was based on the autopsy finding, 
the great lability and mutual contradiction 
of the positiveness of the seroreactions, and 
the syphilis incidence of these hospitals which 
was 2.68 per cent of a material of 83 036 
patients. 
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In a previous study on the effect of the 
ganglionic blocking agent hexamethonium 
bromide on the pulmonary circulation (Stor- 
stein. & Tveten, 1954) we found that this 
agent had no dilating effect on the pulmonary 
blood vessels. The fall in pulmonary artery 
and pulmonary capillary venous pressure, 
which we observed, was interpreted as being 
due to a passive effect on the pulmonary cir- 
culation from the fall in systemic blood pres- 
sure and pooling of blood in the systemic 
circulation. ; 

In the present study we intend to in- 
vestigate the effect of the adrenergic blocking 
agent phentolamine (regitine) on pressures 
and flow in the pulmonary circulation. 

We have been unable to find any previous 
study on the effect of this agent on the pul- 
monary circulation. But Dresdale, Michtom 
& Schultz (1954) tising priscoline, which is 
pharmacologically related to phentolamine, 
found a distinct fall in pulmonary artery pres- 
sure combined with an increase in cardiac 
output in one patient with primary pulmonary 
hypertension and in another with pulmonary 
emphysema. They observed a greater fall 
in pulmonary than in systemic vascular re- 
sistance, and concluded that priscoline had 
a dilating effect on the pulmonary arterioles. 
On the other hand Mackinnon, Vickers & 


Wade (1956) in 4 patients with mitral 
pulmonary heart disease found no consist 
change in cardiac output, pulmonary art 
pressure or pulmonary resistance follow 
priscoline. In all cases they observed 
increase in heart rate, and in one case th 
was a severe rise in pulmonary artery pr 
sure combined with a fall in cardiac outt 
They did not think that the pressure 1 
in the pulmonary artery could be wh 
explained by the tachycardia, as the fort 
outlasted the latter. They supposed t 
priscoline may have a direct effect on arte 
smooth muscle, in the same way as anot 
adrenergic blocking agent, ergotamine(Go 
man & Gilman 1955). 


4 
MATERIAL AND METHODS . 

The material consisted of 16 patients with y 
ous types of heart disease (Table I). Three pati 
had normal pulmonary artery pressure, while 
other patients had pulmonary arterial hyperten: 
up to as much as 73 mm Hg mean pressure. 

The dose of phentolamine, which was to 
given during the investigation, was ascertain 
day before the catheterisation procedure, as 
dose necessary to produce a distinct fa’ 
systematic blood pressure. 

The catheterisation procedure was carried 
as earlier described (Storstein & Tveten, 1° 
Owing to the rapid action of phentolamine ( 
siding in 5—10 minutes) it was technically diff 
to make repeated determinations of cardiac ou 
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Table I. Characteristics of the material for study. 


/-pressure and pulmonary arteriolar resistance. 
only succeeded in doing this in 4 patients. The 
hial artery pressure was registered each 
minute during the first 5 minutes, and each 
tte during the next 5 minutes after injection 
1e drug. Mean pulmonary artery pressure was 
stered each minute, undamped pressure after 
d 10 minutes. Heart frequency was registered 
rocardiographically each minute. Mean brachial 
-y pressure was taken as diastolic + % pulse 
sure. 
he statistical calculations have been carried 
by Mr. Per Johannesen, M. A. In the tables 
motes the observed value before phentolamine 
> > > after > 
notes the difference between x and y 
(Z@=x-—y) 
,z denote the arithmetic means of x, y and z 
respectively. 
notes the sample standard deviation of z. 
he effect of phentolamine has been tested by 
is of “Student’s two-tailed t-test (Cramér, 
im where t= z~- y n—1 follows the t-distribu- 


Ss 
m with #=n—1 degrees of freedom. 


Name] Sex | Age Diagnosis 


Height | Weight 
cm kg 


E.H. | M. 53 Mitral stenosis 168 Died 1.65 3 
E.N. | M. 40 Mitral stenosis 173 68 1.82 5 
TEN, B, 60 Mitral stenosis, aortic stenosis & insuff. 168 3On2, 1.60 5 
A.K. F. 60 Mitral stenosis 155 62 1.60 ql 
BSP. M. 23 Pulmonary hypertension 186 67.5 1.90 5 
BEl-H. | M. 48 Mitral stenosis 172.5 125 1.87 8 
mO.B. | M. 39 Ventricular septal defect, pulmonary 
| stenosis 168 57 1.63 6 
Py. lL. M. 44 | Aortic stenosis & insuff. 165 64 i72 iS 
mi.R. F. 25 Mitral stenosis 158.5 60.5 1.62 7 
iD. | M. Dd Mitral stenosis, aortic stenosis & insuff. 7235, 66 1.78 6 
.P. M. py | Mitral stenosis, aortic stenosis & insuff. 72 62.4 175 5 
SBoM. | F. 34 | Mitral stenosis 172.5 61.7 ie? 6 
Pe. J. M. 57 Mitral stenosis 173 58.8 1.70 5 
B.H. F. 51 Mitral stenosis 164 64.9 1.73 5 
BeE.S. M. 58 Silicosis IZ) 69.4 1.83 5 
EON. | M. 63 Mitral stenosis 1.73 5 


167 64 


Table Il. Effect of phentolamine on mean 


No. 


OMNIA MHPWNHH 


blood pressure in 16 patients with heart failure. 


Name BP before BP after Time 
phentolamine phentolamine 


mm Hg mm Hg min 
E.H. 93 68 1 
E.N. 90 80 Uy 
J.N. 83 77 1/, 
A.K. 137 103 3 
Bie: 80 70 23/5 
HH 113 107 2 
O.B. 85 83 3#/o 
J.L. 107 92 4+], 
TRS 100 78 21/0 
O.D. 97 92 4 
EP. 100 80 L/. 
B.M. 90 85 21/0 
H.]J. 100 65 2/5 
B.H. 12h 117 2 
P.S. Aly 87 ) 
E.N. 100 92 1). 
re SIO y = 86 Zh 

s— 1016 ==, 92027) 
P < 0.001 


Table III. Effect of phentolamine on mean 
pulmonary artery pressure in 16 patients with 
heart failure. 


{ 
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Table IV. Effect of phentolamine 
on total peripheral resistance in 16 pati 
with heart failure. . 


No. Name PAP before PAP after Time 
phentolamine phentolamine 
mm Hg mm Hg min 
de) EH 66.5 58.5 4 
AL ABN Te 17.5 15 5 
sae IIN® 44 40 ele, 
4 A.K. 26 iS.5) Pha 
SBP: 73 56.5 4 
60) ELE. 10 8 2 
i OLB: 36 29 5 
Sa eles 18 17 4 
Oe Ro 22.5 15 Y 
10 O.D. 37 29 5 
11 ote.P 48 43 5 
12 BM. 26.5 215 3 
ile > JBE If 36 27 6 
14. *+B..H. 24.5 26 a 
Nie eis s 11 3 3 
169" BN: 9 6 4 
grat SHEE} vi —92020 7 = 0 
s = 4.2 t= 55537 
P < 0.001 
RESUS 


The effect of phentolamine on mean blood 
pressure, mean pulmonary artery pressure, 
total peripheral resistance and heart rate is 
shown in Tables II—V. The statistical cal- 
culations show a statistically significant fall 
in mean blood pressure, pulmonary artery 
pressure and total peripheral resistance, 
while there is a statistically significant in- 
crease in heart rate. 

The observations on cardiac output, PCV- 
pressure and pulmonary arteriolar resistance 
(Table VI) are too few to allow any statistical 
calculation. In these 4 patients there is no 
change in cardiac output; the PCV-pressure 
shows a fall, while pulmonary arteriolar 
resistance shows a fall in one patient and 
an increase in the other. 


No. Name TPR before TPRafter Tin 
phentolamine phentolamine ’ 
‘ 
dynes sec. dynes sec. 5 
cm-° cm-° ; 
jh) DALI 2654 1941 1 
2. Ee 1383 1229 i 
3 JN. 2189 2031 T 
4 AK. 1610 1211 3 
5 Be 1683 1980 2 
65 HE: 1015 961 e 
7 OB: 1078 1052 7 
eta Ds 1474 1268 4 
oe ER: 1378 1075 i 
10ee CAD: 1250 1186 4 
Pip Pee 1816 1453 r 
127 Bevis 2664 2123 i 
13% AEE: 1332 866 
14 BH: 3075 Down 
15s SPs: 2125 1738 
16 ~=6E.LN. 1737 2298 
seca ES) i= 1559 z = 220m 
s = 314 C2 1 


0.01 < P < 0.02 


DISCUSSION 

Phentolamine has a distinct effect om 
systemic circulation with a fall in blood P 
sure and total peripheral resistance, W 
there is no change in cardiac output. Phet 
amine accordingly has a dilating cited 
systemic blood vessels. As we have 
few observations on PCV-pressure, it is 
ficult to see if the observed fall in pulmot 
artery pressure is due to a dilatation of 
monary blood vessels, or if it is passi 
mediated from the pressure fall in 
systemic circulation. 

There was, however, a distinct time 
ference in the pressure fall in the syst 
and pulmonary circulation, which is 
strated in Fig. 1. In this patient, as ir 
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able V. Effect of phentolamine on heart 
rate in 16 patients with heart failure. 


Heart rate Heart rate 
o. Name before after Time 
phentolamine phentolamine 

t E.H. 100 132 1 
a EN. 60 66 le 
os 6... 120 140 WIE 
4 A.K. 120 152 3 
se BP. 92 104 De 
ib Base 106 106 2 
# O.B: 88 100 Sule 
o | J.L. = a — 
9 ER: 92 104 Que 
io O:D. 7) ws 4 
11 12 ee 84 92 (2/5 
ma B.M. 80 80 21, 
13 13 Sf 106 194 RA 
a  B.H. 110 110 2 
= PS, 52 54 Te 
lop 6 CEN. 58 62 18 

Be = 89.5 y = 104.7 z= —15.2 

s=— 22.0 t = —2.582 
0102 = P= 0:05 

; 
4 
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Heart rate 


oe Pak 
Mitral stenosis 
mm Hg 
B.P 
100 


5 mg regitine 


n 1 2 AS GR y7 8 9 min. 


Fig.1. Time relations between changes in heart 
rate, mean blood pressure and mean pulmonary 
artery pressure in patient No. 11. 


Table VI. Effect of phentolamine on cardiac output, PCV-pressure 
and pulmonary arteriolar resistance in 4 patients with heart failure. 


No. Name Cardiac output PCV Pulm. art. resistance 
Before After Before After Before After 
liters/min. mm Hg Dynes sec. cm-5 

10, .O.D 17 7 

12 BM PEG Si - - = - 

14 BH 3.3 Sell - - 

15s PS 4.4 4.- 3 5 147 40 

16) EN 4.6 4.2 6 2) 55 78 

Mean Sig) 3.78 
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other patients with mitral stenosis, there was 
a rapid fall in systemic blood pressure during 
the first % minute. A little later the heart 
rate increased, while the pulmonary artery 
pressure fell successively during the first 5 
minutes. It is difficult to assume a time dif- 
ference in the reactions of the systemic and 
pulmonary blood vessels to phentolamine. 
The retardation of the pressure fall in the 
pulmonary artery is, however, easily 
explained when we take into account the 
heart rate. 

In patients with mitral stenosis, an in- 
crease in heart rate, will, by shortening the 
diastolic filling time, adversely affect the 
passage of blood through the stenotic mitral 
valves. In order to maintain the blood flow, 
the pressure in the pulmonary circulation has 
to increase. This important point in the 
hemodynamics of mitral stenosis has been 
overlooked by many earlier workers in this 
field. It has recently been stressed by 
Aitchison, Cranston & Priest (1955) in their 
work on the effect of hydrallazine on the 
pulmonary circulation in mitral disease. In 
this work they observed a pressure rise in 
the pulmonary artery at the same time as 
the systemic blood pressure showed a 
distinct fall. This pressure rise in the pul- 
monary artery, they were able to show, was 
due to the accompanying increase in heart 
rate, as there was a close correlation between 
rise in pulmonary artery pressure and in 
heart rate. Following hydrallazine there was 
also an increase in cardiac output, but in this 
instance there was no correlation to the rise 
in pulmonary artery pressure. As we have 
mentioned earlier, Mackinnon et al. (1956) 
partly ascribed the pressure rise they ob- 
served in the pulmonary artery in one patient 
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pressure, but fall in cardiac output, st 


with mitral stenosis following priscolin 
the accompanying increase in heart rate. 
When studying the effect of varix 
agents on the pulmonary circulation, f 
important to remember that it is a low - 
sure system, with pressure only *%—% 
the pressure in the systemic circulation. T 
pulmonary circulation, therefore, is eas 
influenced by changes in pressure and fh 
in the systemic circulation, as we four 
studying hexamethonium bromide, and — 
changes in heart rate, as shown in this stuc 
In order to obtain conclusive support 
the theory of active vasodilators in the f 
monary circulation, one has to use aget 
which leave cardiac output and heart 
unchanged (de Burgh Daly, 1956). Uf 
the present there is, so far as we know, : 
conclusive report on such an agent affecti 
the pulmonary circulation. { 
Oxygen deficiency has a constricting a’ 
oxygen supply a dilating effect on the 
monary blood vessels (v. Euler & Lil 
strand, 1946). It has been maintained th 
the anoxic pressure rise in the pulmor 
artery was due to the accompanying incr 
in cardiac output. Cournand, however, in] 
latest experiments on unilateral hypoxia 
man (1956), was. able to confirm the c 
stricting effect on the pulmonary blood v 
sels of reduced oxygen content in inspi 
air. Rearranging my data from experimen 
anoxemia in man (Storstein, 1952), I fou 
that, though in most individuals there was 
the same time an increase in cardiac out 
and pulmonary artery pressure, some in 
viduals showed at the same time a rise 


porting the active vasoconstricting effect 
anoxia (Storstein, 1957), 
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SUMMARY 

1 16 subjects with various heart diseases, 
tly mitral stenosis, phentolamine gave 
atistically significant fall in systemic and 
monary artery pressure and in total peri- 
ral resistance, while there was a signi- 
at increase in heart rate. The cardiac 
ut showed no change. There were too 
observations to make any definite con- 
ions as to the effect on pulmonary arte- 
wr resistance. 

here was a distinct time difference be- 
en the reactions in the systemic and pul- 
lary circulations. This time difference, 
found, was due to the effect on the heart 
, which, by shortening the diastolic filling 
2 in patients with mitral stenosis, will 
rd and modify the pressure fall in the 
nonary artery. 
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Since Hahn in 1943 discovered that intra- 
venous injection of heparin into lipemic dogs 
produces a clearing of the lipemic plasma, 
this phenomenon has been the subject of 
detailed investigation. During some studies 
on the excretion of bromsulphthalein (BSP) 
in man I discovered that intravenous injec- 
tion of small doses of heparin under certain 
conditions produces changes in the spectral 
absorption curve for this dye, a phenomenon 
which may in some way be connected with 
the aforementioned clearing of 
plasma. 

As this change in the absorption curve for 
this or other dyes does not seem to have been 
described in the literature, some preliminary 
investigations are reported below. 


lipemic 


METHOD 

All the absorption curves were determined by 
means of a Zeiss-Ikon spectrophotometer, model 
M40, on the following mixture: 0.5 ml of a 10 mg 
100 ml stock solution of BSP (Hynson, Westco‘t 
& Dunning) + 1 ml of the plasma or serum under 
test + a sodium-hydroxide solution of varying con- 
centration to make a final volume of 10 ml. 

Human serum albumin (from the State Serum 
Institute, Copenhagen) was studied in the sam2 
manner with 1 ml of a 5 per cent aqueous solution 
instead of plasma or serum. 


1 Aided by a grant from the Vera and Carl Johan 
Michaelsen Foundation. 
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The same mixtures were used as blanks, on 
with 0.5 ml of distilled water instead of 0.5 ml < 
the BSP stock solution. 


RESULTS : 

Comparison of the spectral absorption ¢ 
BSP at various pH levels in mixtures coy 
taining (1) serum (pre-heparin serum), (2 
heparinized plasma, and (3) serum will 
drawn after a preceding intravenous hepari 
injection (post-heparin serum). — The & 
periments were performed on five healtt 
male subjects aged 20—30 years. After will 
drawal of two blood samples, one witho 
stabilization (pre-heparin serum), the oth 
stabilized with one drop of Heparin LE 
containing 5000 I.U./ml to 10—20 ml ¢ 
blood, an intravenous injection of 2—50 n 
of heparin (1 mg= 100 I.U.) was give 
Blood to which no heparin was added w 
then withdrawn from a vein in the oppos 
arm 3 minutes later (post-heparin serun 
The subjects were not fasting, but the blo: 
samples were taken 2—4 hours after t 
usual morning meal. 

The absorption of all the samples was t 
studied as described above at various NaO 
concentrations in mixtures containing ( 
pre-heparin serum, (2) heparinized plasr 
and (3) post-heparin serum. 
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stated below the figure. Absorption curves 
S/TY x 1000 for mixtures with heparinized plasma are not 
shown as they were identical with curves 
1—7 for the mixtures with pre-heparin 
serum. 

It is seen that at low NaOH concentrations 
there was a pronounced difference between 
the absorption curves for mixtures contain- 
ing pre-heparin serum and the corresponding 
mixtures to which post-heparin serum was 
added. In either case, decreasing NaOH con- 
centrations resulted in a shift of the peak of 
the curve from 5800 to 5950 A, but the color 
intensity decreased in the pre-heparin serum 
mixtures whereas it increased initially in the 
mixtures to which post-heparin serum was 
added. 

The change was uniform for all the sub- 
jects and occurred after a heparin dose of 
only 2 mg. It was not determined whether 
even smaller doses of heparin would be able 
to produce the same change. 

In two cases pronounced turbidity occur- 
red so rapidly at the highest NaOH concen- 
trations (0.017 N and 0.034 N, respectively) 
that the entire absorption curve could not 
be determined at these or higher NaOH con- 
centrations. Turbification occurred only in 
0 6570 = 580 590 600 Ss «6I0 ~S ss 620_~—s' the post-heparin serum mixtures, but not in 

Wave length my the corresponding mixtures containing hepa- 

. Spectral absorption curves for pre-heparin rinized plasma or pré-heparin serum. 
mixtures (1—7) and post-heparin serum Influence of serum albumin on the ab- 
es (A—F). The final NaOH concentrations sorption curve for BSP. — It is known that 
mixtures were as follows: A and 1: 0.0017 N, binding of dyes to albumin may result in a 
2; 0.0034 N, C and 3: 0.0051 N, D and 4: itt of the peak of the absorption curve for 
068 NE ad ON TOON: pitirubin (With, 1945; Martin, 1949) and 
a various other dyes (Klotz, 1946). The ab- 
e absorption curves from a typical ex- sorption curve for BSP was studied as de- 
ent are shown in Fig. 1. The final scribed above in mixtures containing 1 ml 
I concentrations in the mixtures are of a 5 per cent aqueous solution of human 
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Fig. 2. Spectral absorption curves for mixtures con- 
taining human serum albumin. The NaOH con- 
centrations of the mixtures are stated 
for each curve. 


serum albumin. The result appears from 
Fig. 2. It is seen that a shift of the peak of 
the absorption curve from 5800 to 5950 A 
occurred at decreasing NaOH concentra- 


tions. With human y-globulin no shift of 
peak occurred but other serum protein 
tions have not been studied. 


DISCUSSION . 

The shift of the peak of the absorpti 
curve for BSP from 5800 to 5950 A w 
decreasing NaOH concentrations may pr 
ably be explained by a binding of the Bi 
to the serum albumin, since the latter, 
shown, may produce the same shift, % 
since, as has been shown by Ingelfing 
Bradley, Mendeloff & Kramer (1948), 
greater part of the BSP in the —_ 
bound to the albumin fraction. 

The increased color intensity of : 
at low NaOH concentrations in the 
heparin serum mixtures may possibly be 
plained on the basis of our present-c 
knowledge on the clearing of lipemic rs 
after intravenous injection of heparin. 

Injection of heparin is promptly folloy 
by the disappearance of the chylomicra p 
sent in the blood (Hahn, 1943). An int 
venous injection of only 1 mg of hepa 
into human beings is just as effective 
causing this disappearance as larger do 
(Griiner, Hilden & Hilden, 1953). The ¢ 
solution of the chylomicra occurs by a hyd 
lysis of their triglycerides under format 
of free fatty acids (Shore, Nichols’ & Fi 
man, 1953). The free fatty acids are bot 
to the serum albumins (Robinson & Fre 
1953; McDaniel & Grossman, 1955). So! 
times liberation of the fatty acids from 
albumins, or formation of fatty acids if 
large amounts that the albumins cannot b 
them, results in returbification, probabl 
cause of the formation of calcitim soaps 1 
the fatty acids (Brown, Boyle & Anfin 
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93; Grossman, Stadler, Cushing & Palm, 
53). 

Accordingly, the change demonstrated in 
absorption curve for BSP might then be 
alained as follows. The change might be 
> either to a simultaneous binding of fatty 
ds and BSP to the albumin molecules or, 
ssibly, to the binding of the BSP to an- 
er protein when the albumin is “blocked” 
the fatty acids. It is known that organic 
ds may displace dyes from serum albumin 
a competitive action (Klotz, 1946). The 
idly occurring turbification which was 


m in two cases might possibly be due to a . 


ticularly high concentration of fatty acids 
these cases, with liberation of these from 
: albumin molecules at the high NaOH 
centrations and formation of calcium 
ips. Incidentally, turbification was ob- 
ved in all cases, but only when the samples 
1 been left standing for some time. 
Acording to this explanation no effect on 
absorption curve can be expected on ad- 
ion of heparin im vitro, as the chylomicra 
not influenced by heparin under such 
ditions. 

The phenomenon requires further investi- 
ion. If a displacement of BSP from the 
umin molecules occurs, and if similar con- 
ons may be demonstrated in other dyes, 
action of heparin may be conceived to 
rt an influence on the transport and ex- 
tion of dyes by the organism. 


SUMMARY 
\ change was demonstrated in the spectral 
orption curve for bromsulphathalein on 
ition of serum withdrawn 3 minutes after 
avenous injection of from 2 to 50 mg of 


heparin into healthy male subjects. A pos- 
sible explanation of the phenomenon is 
discussed. ahi 
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The buffer capacity of a system measures 
its ability to maintain a certain level of aci- 
dity or alkalinity when acids or bases are 
added to it. In the case of blood, the buffer 
capacity plays an important part in the regu- 
lation of the acid-base balance of the body. 

It has been shown that the component of 
the blood that exerts the greatest buffering 
action is the hemoglobin contained in the red 
corpuscles (Kilpi, 1952). When the hemo- 
glebin content of the blood is 16 g/100 ml, 
its share of the total buffer capacity is about 
79 per cent (Kilpi, 1952; Viikari, Harjola & 
Maamies 1954). When the hemoglobin con- 
tent is reduced by hemorrhage or an opera- 
tion, the buffer capacity of the blood will 
also decrease (Viikari, 1954). On the other 
hand, unexpectedly high buffer capacities 
have been recorded for anemic patients 
suffering from various internal diseases 
(Viikari, Harjola & Maamies, 1954). It has 
also been observed that a decrease in the 
buffer capacity and hemoglobin content of 
the blood of a patient after an operation is 
accompanied by a shift of the reaction of 
the blood in the alkaline direction from 
the value before the operation (Viikari & 
Salenius, 1956). 


* Present address: 
raala, Finland. 
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Plasma is also known to contribute, al- 
though to a lesser extent than the red blood 
corpuscles, to the buffer capacity of the blood 
(Henderson, 1928; Kilpi, 1952). The buf 
fering capacity of the plasma is mainly deter- 
mined by its bicarbonate and protein aoa 
When the hemoglobin content was 16 ¢ 
100 ml in the blood examined by Kilpi, 21 
per cent of the total buffer capacity was due 
to the plasma (Kilpi, 1952; Viikari et 4 
1954). It would be interesting to know 
whether the part of the buffer capacity d 
to plasma rises when the hemoglobin conten 
falls as a result not only of hemorrhage b 
also of the subsequent dilution of the bloos 
by either tissue fluids or infusions. It . 
be assumed that the factors that influence 
the buffer capacity of the plasma will als 
be of importance in determining the buffe 
capacity of whole blood. Components of th 
plasma that may be involved are the bicarbo 
nate and proteins normally present, but als 
components introduced by infusion. 


MATERIAL 
Earlier investigators have mostly followed th 
variation of the buffer capacity in one and tt 
same patient before and after hemorrhage or a 
operation. Pecause so many factors that may alte 
the buffer capacity of the blood are -involved ; 
operations that it is difficult to control them, : 
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tudy the pH values and the buffer capacities 
e whole blood, plasma and red blood cells 
measured on samples taken from patients who 
10t been operated upon. The 30 subjects of 


study were patients from the surgical wards. 


en the ages 25 and 70 years. The Hb-values 
1 greatly in these patients. The number of 
samples examined was 32. 


METHODS 
e buffer capacities of the samples were deter- 
1 by the potentiometric titration method of 
(1952). The pH values were measured poten- 
trically using a glass electrode. The potentio- 
- could be read to the nearest 0.002 pH unit. 
cetate buffer with pH 6.50 was employed as 
ance solution; the potentiometer was checked 
st this solution before and after each deter- 
‘ion. 
1e determinations were made on 5 ml volumes 
e undiluted samples of whole blood, plasma 
red blood cells. Care was taken to prevent 
samples from coming into contact with air. 
determinations were made in a thermostat at 
- immediately after drawing the samples which 
kept covered with liquid paraffin. The plasma 
obtained by centrifuging whole blood under 
| paraffin 10—15 min. at 3000 r. p.m. in ordi- 
alkali reserve tubes about 3 cm in diameter. 
mass of red blood corpuscles remaining after 
lasma had been removed was employed for 
etermination of pH and buffer capacity of the 
lood corpuscles. 
hen the acid dissociation constants (K,) and 
mtrations (C;) of the components of an acid- 
mixture are known, the buffer capacity 
.) of the mixture can be calculated after the 
values have been measured before and after 
ddition of a known amount of acid from van 
’s equation: 


d pH 

K;C; [H+] 
4 > (Kj +[H*])? 
1e acid added to the 5ml samples in the pre- 
investigation was 0.5 ml of 0.1 ml N HCl. The 
la can then be written (Viikari, 1954) : 


0.01 
pHi—pHa2 


+ [H+] + [OH] 


BAe. = 


For checking the method, four samples were 
drawn from a patient before and 1, 3 and 5 minutes 
after a blood pressure: cuff with a pressure of 
100 mm of mercury had been applied to his arm. 
No differences were observed in the pH values and 
buffer capacities determined for these four samples. 
Successive determinations of the buffer capacities 
of two blood samples yielded the following results: 
sample I: 0.0333, 0.0336 and 0.0317, sample II: 
0.0373, 0.0368 and 0.0382. The standard deviation 
of a single determination computed from these 
values is 0.0008. No change occurred in the buffer 
capacity of a sample which was stored six hours 
in a refrigerator, but in this study the determina- 
tions were made immediately after samples had 
been withdrawn. 


RESULARS 
Whole blood 


The results of the present study strongly 
support the opinion presented in previous 
studies that the buffer capacity of the blood 
is largely determined by its hemoglobin con- 
tent. The mean hemoglobin content (Hb) 
of the whole blood samples analysed was 
11.7 +2.2 g/100 ml and the mean buffer 
capacity (B. C.) 0.0318 + 0.0035. The lowest 
hemoglobin value recorded was 6.7 g/ 100 ml 
and the highest 15.5 g/100 ml. The corres- 
ponding buffer capacities were 0.0250 and 
0.0377. The value of the association coeffi- 
cient Q illustrating the relationship between 
hemoglobin content and buffer capacity was 
found to be -+ 0.76 and the linear correlation 
coefficient r (the product moment coefficient 
of correlation) was found to be + 0.79. 

The calculation of the association coeffi- 
cient Q and the linear correlation coefficient 
r has been done according to Yule & 
Kendall. The association coefficient indicates 
whether there is any correlation between the 
two variables and whether this is positive or 
negative. The linear correlation coefficient 
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Fig. 1. Correlation between buffer capacity and 
hemoglobin content of whole blood. Mean Hb: 
11.7 + 2.2 g/100 ml. Mean B.C.: 0.0318 = 0.0035. 
Linear correlation coefficient r= + 0.79. The 
underlined values were recorded twice. 


(product moment coefficient of correlation), 
on the other hand, indicates the absolute 
value of positive or negative linear correla- 
tion between the variables. This coefficient 
may have any value between —1 and +1. 
Absolute values of r in the range from 0.00 
to 0.30 are generally considered to imply a 
weak correlation, values between 0.30 and 
0.60 moderate correlation, values between 
0.60 and 0.80 fairly strong correlation and 
values higher than 0.80 a strong correlation. 
Values exceeding 0.80 are relatively rare in 
practice (Vahervuo, 1952). The value +0.79 
hence indicates that practically speaking a 
strong correlation exists between the hemo- 
globin content and buffer capacity. 

With sufficient data, it might be possible 
to compile a table from which the buffer 
capacity of the blood could be read when 
the hemoglobin content is known. 

The relationship between hemoglobin con- 
tent and buffer capacity can also be expressed 
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Fig. 2. Correlation between buffer capacity and Pp 
of whole blood. Mean pH: 7.374 + 0.042. ; 
B. C.: 0.0318 + 0.0035. Linear correlation coefficie 

re= — 0.45. 


graphically by means of regression lines. Tl 
equations for the regression lines are in t 
present case: 1: X = 5.33Y — 5.25 and 
Y = 0.13X + 1.66 when X = Hb @ 
Y= BC. Fig. -1.) If these lines hada 
cided, the correlation between the two va 
ables would have been perfect. This is, h 
ever, very unusual in the case of biologi 
data. If no correlation existed between ; 
two variables, the two lines would have inte 
sected at right angles. 

The coefficients for the relationship i 
tween the pH and buffer capacity of whe 
blood are: OQ = —0.86 and r = —0.45. T 
regression lines are drawn in Fig. 2. T 
mean pH of the blood samples was 7.374 
0.042, the lowest value 7.310 and the high 
value 7.478. The mean and the range of t 
buffer capacity values were given above. T 
values of the coefficients reveal that the bi 
fer capacity of the blood increases with 1 
acidity. The linear correlation coefficient 
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3. Correlation between blood buffer capacity 
serum protein content. Mean B.C.: 0.0318 + 
35. Mean serum protein content: 6.8 = 0.7 per 
nt. Linear correlation coefficient r= + 0.48. 


a low value, and it may be that the cor- 
tion is not linear. 

he coefficients for the correlation be- 
en the buffer capacity of the blood and 
im protein content are Q = -+0.64 and 
+0.48. The regression lines are drawn 
‘ig. 3. 

or the relationship between blood buffer 
icity and plasma bicarbonate, Q was 
id to be +0.10. This value is so low that 
e is no point in giving the value of the 
ar correlation coefficient. For the rela- 
ship between blood buffer capacity and 
cell volume, Q = +0.34. 

he mean pH of the blood was 0.048 pH 
higher than the meam plasma pH and 
1 pH unit lower than the mean red cell 
Similarly, the mean blood buffer capacity 
0.0166 unit higher than that of the 
ma and 0.0334 unit lower than that of 
red cells. 
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Plasma b 
BC per cent Hb 
of blood BC 


Fig. 4. Correlation between percentage of the blood 

buffer capacity due to plasma and blood hemo- 

globin content. Mean buffer capacity percentage: 

29.98 = 4.88 per cent. Mean hemoglobin content: 

11.7 = 2.2 g/100 ml. Linear correlation coefficient 
r = — 0.90. 


Plasma: 

The mean buffer capacity of the plasma is 
thus seen to be considerably lower than the 
buffer capacities of the whole blood and the 
red cells. The plasma is the most alkaline of 
the three. It has been previously found 
(Henderson, 1928; Kilpi, 1952) that the 
plasma is responsible for about 21 per cent 
of the buffer capacity of whole blood when 
the hemoglobin content is 16 g/100 ml. In 
the present study the part of the whole 
blood buffer capacity due to plasma has been 
computed by multiplying the originally mea- 
sured plasma buffer capacity by (100 — 
blood red cell volume per cent) per cent. This 
value has been taken as the relative plasma 
buffer capacity and its share of the whole 
blood buffer capacity has been calculated as 
a percentage. The mean of the values calcul- 
ated in this way was 29.98 + 4.88 per cent. 


Plasma 130 140 1.50 160 1.70 


HCO, Plasma BC ee 


Fig. 5. Correlation between buffer capacity and 
alkali reserve of plasma. Mean alkali reserve: 
44.0 + 4.88 vol. COz per cent. Mean plasma B.C.: 
0.0152 + 0.0011. Linear correlation coefficient 
r= + 0.49. 


The lowest value was 22.9 per cent for a 
hemoglobin content of 15.2 g/100 ml. The 
highest value, 42.8 per cent, was found for 
a blood sample with a hemoglobin content 
of 6.7 g/100 ml. The value of the association 
coefficient Q for the relationship between the 
plasma buffer capacity percentage and the 
hemoglobin content was —0.98 and that of 
linear correlation coefficient (r) —0.90. The 
regression lines are shown in Fig. 4. The part 
of the blood buffer capacity due to plasma 
thus varies almost linearly and inversely as 
the hemoglobin content of the blood. 

The value of the association coefficient Q 
for the correlation between plasma buffer 
capacity and plasma bicarbonate is -+0.70 
and that of the linear correlation coefficient 
(r) + 0.49. The regression lines are drawn 
in Fig. 5. The highest plasma buffer capacity 
measured was 0.0169 and the lowest 0.0128, 
the mean value being 0.0152 + 0.0011. The 
extreme alkali reserve values were 54 per 
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Fig. 6. Correlation between buffer capaci 

serum protein content of plasma. Mean pla 

B.C.: 0.0152 = 0.0011. Mean serum protein | 

tent: 6.8 + 0.7 per cent. Linear correlation 
coefficient r= + 0.39. 


cent COz corresponding to 23.5 meq/1 
35 per cent COz corresponding to 15.1 mx 
The mean of the alkali reserve values > 
44.0 + 4.88 per cent COsz. 
The value of the association coeffici 
for the correlation between plasma bu 
capacity and serum protein content 
+ 0.66, and that of the linear correl 
coefficient (r) + 0.39. The regression 
are shown in Fig. 6. The buffer ca 
values were given above. The highest p 
content was 7.8 per cent and the lowes’ 
per cent, the mean content 6.8 + 0.7 per ¢ 
As already mentioned, the mean pla 
pH was 0.048 pH unit higher than the n 
whole blood pH. The mean plasma pH 
7.422 + 0.046, the highest recorded v 
7.540 and the lowest 7.340. For the cort 
tion between plasma pH and plasma bt 
capacity, Q == — 0.72 and r = — 0.61. 
conclusion is that the buffer capacity of 
plasma is greater the lower the pH. 
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. 7. Correlation between buffer capacity and pH 

lasma. Mean plasma BC: 0.0152 + 0.0011. Mean 

plasma pH: 7.422 + 0.046. Linear correlation 
coefficient r = — 0.61. 


Red cells. 


The mean pH of the red cells was 7.320, 
ich is 0.054 pH unit lower than the mean 
ole blood pH and 0.102 lower than the 
an plasma pH. The lowest pH recorded 
the red cells was 7.250, the highest 7.448. 
e mean buffer capacity of the red cells, 
652, was appreciably higher than the mean 
fer capacities of whole blood and plasma. 
e highest buffer capacity measured for the 
[cells was 0.08833, and the lowest 0.0495. 
For the correlation between the pH and 
fer capacity of the red cells, Q == —0.24. 
- the correlation between blood hemoglobin 
tent and red cell buffer capacity, Q = 
0.11, and between the buffer capacity and 
ative volume of the red cells, Q = + 0.40. 


DISCUSSION 
[he results of the present study of the 
dity and buffer capacity of whole blood, 
sma and isolated red blood cells show 
arly, as was expected, that the buffer 


capacity of whole blood is closely connected 
with its hemoglobin content. The serum pro- 
teins are also responsible for some of the 
buffer capacity of the blood; this may be 
important when the hemoglobin concentra- 
tion is low. 

According to Kilpi, hemoglobin exerts its 
greatest buffering action when the pH is 7.30, 
this action becoming weaker the more the 
pH deviates from this value in the acid or 
alkaline direction. The blood samples of the 
present series were for the most part more 
alkaline than pH 7.30, their mean value 


_ being 7.374 + 0.042 and the range 7.310 — 


7.478. As expected, the buffer capacities had 
the highest values when the pH values were 
close to 7.30. Blood is not, however, solely 
a solution of hemoglobin, but a mixture of 
cells and plasma, and the buffer capacity of 
the mixture is influenced also by other fac- 
tors in addition to hemoglobin content. This 
was evident already in the results of Kilpi, 
who found that the buffer capacity of the 
blood is higher at pH 6.50 than at 7.30 
although the buffer capacity of hemoglobin is 
considerably lower at the former pH. It is 
thus obvious that regardless of the hemo- 
globin content the buffer capacity of the 
blood increases as the acidity increases, at 
least within certain limits. A possible ex- 
planation for this may be that as the hemo- 
globin content of the blood diminishes, the 
blood becomes diluted with more alkaline 
tissue fluids (plasma) which have a greater 
effect on the acidity owing to the decreased 
buffer capacity (Kilpi 1956). 

The results of the present study indicate 
that the relative significance of the plasma 
as a buffering component of the blood in- 
creases, and furthermore almost linearly, as 
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the hemoglobin content is lowered. This is 
noteworthy ‘since in anemic conditions such 
as those resulting from hemorrhage or opera- 
tion, the factors that determine the buffer 
capacity of the plasma attain a relatively 
greater importance. In addition to bicar- 
bonate and proteins that normally function 
as buffering agents in plasma, components 
that are introduced into the blood in infused 
solutions may also greatly influence the acid- 
base equilibrium. 

As in the case of whole blood, also the 
buffer capacity of the plasma was found to 
be connected with the acidity level in that a 
more acid plasma tended to have a greater 
buffering action. An explanation for this may 
be that according to Kilpi the buffering action 
of bicarbonate in the plasma increases as the 
plasma becomes more acid. The increase in 
buffer capacity due to bicarbonate observed 
when the pH changed from 7.30 to 6.50 is 
0.0079 (Kilpi, 1952). Also other plasma 
components may play a part in determining 
the buffer capacity at acid pH values. 

As expected beforehand, the variations in 
the bicarbonate and protein contents were 
found to exert a marked influence on the 
buffer capacity of the plasma. Concerning bi- 
carbonate, it is true that the ratio HeCOs/— 
determines the buffer capacity and not the 
bicarbonate content alone. In this investiga- 
tion only the bicarbonate was determined, 
it being assumed that the ration was the 
normal 1 : 20. 

The acidity and the buffer capacity of the 
red blood cells did not appear to follow the 
variations of the contents of the components 
investigated. 
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SUMMARY 
The acidities and the buffer capacitie 
whole blood, plasma and isolated red b 
cells have been measured in 32 blood sam 
The hemoglobin contents of these blo 
samples, which have been taken for the Y 
part from surgical patients who had 1 
been operated upon, varied from 6.7 i 
15.5 g/100 ml. I 
The acidities were measured a 
rically and the buffer capacities by pote It 
metric titration at 38° C in the absence 
air. The results revealed that hemoglobin 
the most important buffering component 
whole blood, although the plasma protei 
contribute in a lesser degree to the buf 
capacity. The relative importance of © 
plasma in determining the buffer capacity 
blood increased as the hemoglobin conte 
diminished. The buffering action of | 
the blood and plasma increased with 
acidity of the sample. None of the measuf 
values was found to be correlated with t 
acidity and buffer capacity of the red ce 
isolated from the blood by centrifugation. 
Of the components of the blood, the plast 
was more alkaline than whole blood or 
centrifugate. The buffer capacity was great 
in the cells and lowest in the plasma. 
All the results are shown together 
statistical data in the figures. 


REFERENCES 

Henderson, L. J.: Oxford University Press 67. 
1928. 

Kilpi, S.: Die Dissoziationskonstanten von Hai 
globin und die Pufferkapazitat des Blt 
Acta Chem. Scandinay. 6, 475, 1952. 

— Zur Pufferwirkung des Blutes. Suom. Ket 
tilehti B 25, 36, 1952. 
— Personal communication 1956. ° 


pH AND BUFFER CAPACITY OF BLOOD, PLASMA AND RED BLOOD CELLS 167 


ari, S. J.: Changes in the buffer capacity of 
blood in thoracic surgical cases. Act. Chir. 
Scandinav. 5, 107, 525, 1954. 

Harjola, P. & Maamies, T.: Clinical studies 
on the buffer capacity of the blood. Scandinav. 
J. Clin. Lab. Investigation 6, 122, 1954. 

& Harjola, P.: Changes in the buffer capacity 
of blood in surgical cases. Ann. Chir. et Gyn. 
Fenn. 43, 130, 1954. 


Viikari, S. J. & Salenius, P.: The relationship be- 
tween buffer capacity and pH in the blood of 
surgical patients. Ann. med. exper. et biol. fenn. 
1956. In press. 

Vahervuo, T.: Psykometriikan metodeja. W.S.O.Y. 
Helsinki, 1952. 

Yule, X. & Kendall, Y.: An introduction to the 
theory of statistics. Ch. Griff. Co, Ltd. London 
1953. 


Scandinav. J. Clin. & Lab. Investigation 168—169, 9, 1957. 


HAPTOGLOBIN IN PERNICIOUS ANEMIA 


By M. NYMAN 


From the Central Laboratory of Clinical Chemistry, Malmé General Hospital, Malmo, Sweden 


(Received for publication December 22, 1956) 


Haptoglobin (Hp) is a term introduced by 
Jayle (1939) to designate a group of serum 
mucoproteins capable of binding hemoglobin 
stoechiometrically in vivo and in vitro. The 
haptoglobin content of the serum can be de- 
termined by two methods, both based on the 
affinity of haptoglobin for hemoglobin. One 
of the methods is titrimetric and utilises the 
peroxidatic properties of the Hp-Hb complex 
(Jayle, 1940). The other method (Laurell & 


Nyman, 1956) is based on the difference . 
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Fig. 1. Methemalbumin (mg/100 ml), haptoglobin 

and reticulocytes (per thousend red cells) in a case 

of pernicious anemia before and during treatment 
with vitamin Bie. 
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Fig. 2. Methemalbumin and haptoglobin in a ¢ 
of pernicious anemia during remission. 
Electrophoresis in phosphate buffer pH 7, colo: 
with leucomalachite green and hydrogen perox 
Sample 1 without addition of Hb. 
Samples 2—9 after addition of 0.75 mg 
Hb/ml serum 


observed in the electrophoretic mobility 
the Hb-Hp complex and that of the — 
hemoglobin. Haptoglobin migrates with 
a2-fraction (of which it normally repres 
about 20 per cent), free hemoglobin, 
the f-fraction, and the Hp-Hb complex, 
tween the a2 and @-fractions. Accordin 
this method, the haptoglobin content is r 
sured by determination of the largest am 
of Hb that can be bound by the ae-frac 
without the appearance of any free Hb 
the -fraction. 
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1 none of the sera from 8 patients with 
eated pernicious anemia (histamine re- 
tory achylia, megoblasts in the bone mar- 
and favourable response to vitamin B12) 

there any hemoglobin demonstrable but 
of them hemochromogen was found to 
ound to the albumin fraction (methemal- 
in). In none of the 8 sera was there any 
foglobin demonstrable. Treatment with 
min Biz produced first a successive de- 
ise in the electrophoretic methemalbumin 
e (parallel with a decrease in the total 
iochromogen content as determined by 
zidine according to Crosby). Within 3—6 
s of the beginning of treatment (approxi- 


169 


mately simultaneously with the disappear- 
ance of the methemalbumin) traces of hapto- 
globin are seen which afterwards gradually 
increase to reach normal level within 2—3 
weeks. 
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RECTAL ABSORPTION OF BENZYUPENICH i 
By K. BACKE-HANSEN 


The Norwegian Governmental Pharmacopoeia Laboratory, Blindern, Oslo, Norway 


(Received for publication January 25, 1957) 


Previous investigations have shown that 
therapeutically effective serum concentra- 
tions can be attained by rectal administration 
of benzylpenicillin sodium in a suppository 
(Loewe, Alture-Werber & Rosenblatt, 1945; 
Mandel & Thayer, 1948; Gaida & Neu- 
meyer, 1951; Rudelius, 1953), the absorption, 
however, being very incomplete. Experi- 
ments by Gundersen (1948) called attention 
to the possibility of increasing absorption of 
benzylpenicillin from a rectal suppository, by 
incorporating sodium lauryl sulfate in the 
suppository. Further experiments in rabbits 
by the author (Backe-Hansen, 1957) showed 
that sodium lauryl sulfate increased the 
absorption of benzylpenicillin from suppo- 
sitories (suppository base being cocoa butter 
or Imhausen Base H) 4 to 5 times on 
an average, the resulting serum concentra- 
tions being equal to those following an intra- 
muscular injection. The increased absorption 
was ascribed to increased release of benzyl- 
penicillin from the suppository base, preven- 
tion of penicillinase activity, and possibly an 
effect on the rectal mucosa resulting in in- 
creased permeability. 

In the present investigation suppositories 
containing 500 0000 units of benzylpenicillin 
sodium and 0.1 g of sodium lauryl sulfate 
were inserted rectally in human adults. At 
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intervals up to 2 hours the penicillin s 
concentrations were determined, and ~ 
values obtained were compared with i 
serum concentrations following intramus 
lar injections of benzylpenicillin in the sa 
individuals. 

EXPERIMENTAL 


Suppositories of the following composition w 
prepared by moulding: 1 
Benzylpenicillin sodium 500 000 11 

(Penicillin A.L.) 
Sodium lauryl sulfate : 
Inahasem Bases rise ae erneee 1.75 

Imhausen Base H is a fatty suppository be 
partly synthetic, and in technical respects super 
to the traditional cocoa butter. It is reported 
consist of a triglyceride with a small amount 6 
monoglyceride added as emulgent. } 


MATERIAL AND METHODS 
Clinical test 

The suppository, containing 500000 units 
benzylpenicillin sodium, was inserted in the mormi 
Blood samples were withdrawn after 15 minu 
30 minutes, 1 hour and 2 hours. On the next 
an equal penicillin dose, in aqueous solution, } 
injected intramuscularly, and blood samples w 
withdrawn at the same intervals. 
The blood samples were centrifuged, kept 1 
refrigerator at 4° C and analyzed within 24 ho 
The patients were bedridden, of both sexes, 
range from 35 to 77 years (average 59 years) 
a rule the suppositories were well retained, bu 
a few cases (not tabulated) defecation occu 
shortly after insertion of the suppository. 
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able I. Penicillin serum concentrations in units/ml after rectal and intramuscular 
administration, respectively, of 500 000 units of benzylpenicillin sodium: 


tient Time after dosage: 
Rectal 15 minutes 30 minutes | 1 hour 2 hours 
1 2.6 3.9 a5 8.0 
2 0.7 0.7 0.7 0.6 
3 1.9 1.6 1.2 0.7 
4 14 2a il ca. OMF 
5 onl 44 22 all 
6 2.8 BN 3S ea. 0:3 
uf 14 3.0 1.9 Gan0i5 
8 4.2 3.9 We4 0.8 
9 Dee, 3.4 1.4 0.7 
10 1.4 3.0 2 ca. 0.4 
11 2.0 2.8 0.9 ca, 03 
12 0.9 2 1.9 0.8 
13 0.7 15 0.8 ca. 0.4 
14 10.0 5.8 Dri 0.6 
5 5.8 5.8 2.8 7, 
xq 2.74 313 ile 7a Tet ks} 
s 2.44 1.47 0.97 1,94 
€ 0.63 0.38 0.25 0.49 
IM 15 minutes 30 minutes 1 hour | 2 hours 
1 10.8 153 15.5 7.0 
2 3.9 6.5 9.0 5.8 
3 125 = es 12.5 lies) 
4 9.8 10.8 8.3 2.6 
5 15.5 19.0 9.3 4.5 
6 75) 8.0 5.5 1.6 
Z 9.5 9.0 6.3 3.0 
G 4.0 5.9 55 24 
9 8.3 Os 10.5 6.3 
10 Sul 4.0 48 325 
11 2.9 4.5 8 2.8 
ie 88 10.5 9.5 SS) 
13 5.3 7.0 98 6.3 
4 9.5 6.8 5.3 17 
15 | 12.5 12.5 10.0 5.5 
x 8.26 9.65 8.51 4.38 
Ss 3.80 4.35 3.03 1.99 
e 0.98 112 0.78 0.51 


epresents mean value, s standard deviation 2 x=x)") 
5 ) n— 1 


e mean error ee 
hei 


WAZ 5 


K. BACKE-HANSEN 


Microbiological assay 

The penicillin concentrations were determined 
in appropriate dilutions of serum by an agar cup 
method, Sarcina lutea ATCC 9341 being the test 
microbe. Substrate: Bacto Penassay Seed Agar 
(Dehydrated), Difco Laboratories. The technique 
used has been described by Trolle-Lassen (1951). 

The serum samples were diluted at least 
10 times with a phosphate buffer solution of pH 7, 
thus eliminating any protein binding (Eagle & 
Tucker, 1948). 


RESULTS 
The penicillin serum concentrations were 
determined in 4 blood samples from 15 pa- 
tients in each series, the tests being cross- 
over tests. 
The results are given in Table I. 


DISCUSSION AND CONCLUSION 
It appears from Table 1 that benzylpenicil- 
lin sodium was absorbed rapidly from the 
After 15 minutes the 
serum concentrations were considerable in 


rectal suppositories. 


most cases, and as a rule maximal serum 
concentrations were attained within 30 mi- 
nutes. 

As compared with previously published 
data it seems that incorporation of sodium 
lauryl sulfate in the suppository has resulted 
in increased absorption of benzylpenicillin. 
But generally, absorption was not promoted 
to the same extent as in the experiments on 
rabbits referred to above. In a few indivi- 
duals the penicillin serum concentrations 
attained rectally equalled the corresponding 
serum concentrations following intramuscu- 
lar injections, but on an average the maximal 
serum concentration in the “suppository” 
series amounted to only about ¥4 of the 
maximum concentration by i.m. injection. 

The difference between the two series is 
statistically significant (P <5 per cent). 


SUMMARY 

Benzylpenicillin sodium has been giy 
rectally in suppositories to 15 bedridd 
patients (adults). Suppository base: Im 
sen H, with 0.1 g of sodium lauryl sulf 
added to promote absorption. Next day 
same penicillin dose was given intramuse 
larly. Blood samples were withdrawn aft 
15 minutes, 30 minutes, 1 hour and 2 hou 
in both series and the penicillin concenti 
tions determined microbiologically in dilut 
serum, using an agar cup method. 
microbe was Sarcina lutea. i 

Addition of sodium lauryl sulfate to t 
suppository did not promote on 
benzylpenicillin in man to the same ext 
was found in earlier experiments with re 
bits (Backe-Hansen, 1957); on an avera 
the maximal penicillin serum concent 


tion, following insertion of a suppositor 
amounted to ¥4 of the average peak aft 
intramuscular injection. 
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HYPOXIA FOR PREVENTION OF PHYSIOLOGIC ANE 
IN THE NEONATAL PERIOD OF RATS 


By G. ROOTH and S. SJOSTEDT 


From the Department of Internal Medicine and Department of Obstetrics and Gynecology, 
University Hospital, Lund, Sweden 


(Received for publication February 4, 1957) : 


In 1954 we proposed that experiments 
should be performed in which newborn pre- 
mature infants were kept for some time in 
incubators with less oxygen than air. The 
main reason for this proposition was to pro- 
tect these infants from the consequences of 
the intense vascular reactions caused by the 
sudden changes in the oxygen and carbon 
dioxide tensions at birth. Another interesting 
aspect of keeping infants in low oxygen ten- 
sion would be its possible influence on blood 
formation. As early as 1890 Viault proved 
that hypoxia produces polycytemia, but it was 
not until 1926 that Ziegelroth and 1930 that 
Goldbloom & Gottlieb proposed the theory 
that the polycytemia of intrauterine life is 
due to hypoxia and the anemia in the neonatal 
period is due to the cessation of the hypoxic 
stimulus. In order to study this hypothesis 
experimentally in animals, we have chosen 
rats, since these animals have a similar type 
of physiologic anemia as infants. 


METHODS 


Two litters of newborn rats were pooled in each 
experiment. Half of each litter was given to one 
of the mothers and the other two halves of the 
litters to the other mother. The mothers were 
alternated between the two groups daily. One group 
of rats was kept gonstantly in 15 per cent oxygen 
and only taken out into air for weighing, which 
amounted to less than half an hour daily. The 


174 


@ 


other group, i.e. the control group, was kept 
room air. The humidity was about 70 per cent a 
was approximately the same for the two grou 
The baby rats in the two groups both behaved 
the same way and there was no cyanosis of | 
creased mortality in the ones kept in 15 per e 
oxygen. However, the rat mothers were sometim 
irritated by the low oxygen tension in the ambi 
air and on the first day of the experiment they 
not always take as much care of the small rats wh 
they were in 15 per cent oxygen as when th 
were in air. Some experiments failed because 1 
rat mothers killed the baby rats. The newborn fF. 
used were never more than 12 hours old at 14 
beginning. of the experiments. 
In the airtight cages, the desired oxygen & 
centration was obtained by blowing a mixture 
15 per cent oxygen and 85 per cent nitrogen throw 
the cages. Repeated air samples taken every ¢ 
showed that the oxygen concentration seldom vai 
more than +1 per cent. 
The hemoglobin and the hematocrit values w 
measured. The blood samples were collected 
tubes which had been prepared with heparin, 
the blood was taken by section of the subclav 
artery in the etherized animal and the animals w 
sacrified afterwards. The hemoglobin was det 
mined as oxyhemoglobin in a Beekman C phi 
electric colorimeter with an interference fi 
(Bausch & Lomb) of 575 mu. The blood 
diluted one part in 240 parts of 0.01 per ¢ 
NazCOs solution. To calculate the amount 
hemoglobin, a millimolecular weight of hemogle 
was assumed to be 68000. The determinations y 
carried out by the Central Laboratory of 
University Hospital through the courtesy of E 
fessor C. G. Holmberg and Dr. S. Hansson. 


PHYSIOLOGIC ANEMIA IN THE NEONATAL PERIOD 


| order to measure the hematocrit, the blood 
aspirated into dry glass tubes 50 mm. long 
with an internal diameter of 0.7 mm. The 
; were closed with rubber straps and centri- 
1 at 3000 r. p.m. for 20 minutes. Depending on 
amount of blood available, two, three or four 
urements were made on the same blood and 
uverage of the results was used. If the double 
ing for the hematocrit varied more than 3 
cent, or the double readings for the hemo- 
in more than 0.6 g per 100 ml, the results were 
ted. 


RESULTS 
37 animals were studied. Although the 
in of rats used is uniform and has been 
-so for many years at this laboratory, 
hemoglobin values differed from litter to 
tr, whereas the blood values generally 
ed satisfactorily within the same litter. 
example of this is shown in Table I. 
hin the same litter at the same age the 
ation in the hematocrit and the hemo- 
in values is not too great, whereas the 


ble I. Hematocrit and hemoglobin in 
rome different litters ef newborn rats. 


15 per cent oxygen 


bs ee i a& 

aE Bo a Bo 

Sa hh Le ~ 2s 

age} £2) 82 | 83 | 82 
UGE mete Ga | oe 
Bids} m2] me | Dh | Se 
5 34.1 Zr 38.0 15.6 
30.5 12.4 37.0 £5 

30.5 WEZ 36.0 sed 

12 28.8 9.3 32.8 11.8 
12 33.0 13.6 40.7 15.4 
32.5 12.0 38.0 yy 

30.5 11.9 37.8 15.7 

16 Zhai 9.2 32.0 10.6 
28.7 9.7 ORES) 10.8 

30.0 9.8 33.0 12.3 


Eres 


Table II. Average hematocrit and hemo- 
globin values in rats reared in air and in 
15 per cent oxygen. 


Number Hematocrit Wither Hemoglobin 


per cent g per 100 ml 
Nir on. 9 C4 28.0 86 9.3 
15 per 
cent Oz 93 33.0 92 lilpal 


Mean difference 5.0 1.8 


values differ more from litter to litter. As 
seen in Table I, the values are higher in 15 


per cent oxygen than in air. In all baby rats 


the hemoglobin values within the same litter 
at the same age are higher in 52 pairs (i.e. 
one rat living in air and the other in 15 
per cent oxygen) in the group reared in 15 
per cent oxygen. In three pairs the opposite 
occurs and in two pairs the values are the 
same in both groups. In 54 cases, the hema- 
tocrit is higher in the group reared in 15 
per cent oxygen than in the group kept in 
air and in two cases the couples have the 
same hematocrit. The signifance of these 
results is evident. 

Table II gives the average results for all 
the animals in 15 per cent oxygen and for 
those in air and demonstrates the consider- 
able difference in the blood values in the 
two groups. 

The hematocrit in each baby rat together 
with the average values are given in Figs. 1 
and 2. It will be observed that in the animals 
kept in air there is an immediate drop in the 
hematocrit which is more or less linear until 
about the 18th day. The hematocrit then 
remains low for some days and seems to rise 
again on about the 26th day. In animals kept 
in 15 per cent oxygen the hematocrit is main- 


Fig. 1. Hemotocrit in per cent for 86 baby rats 

reared in air 1 to 26 days. Each point represents 

one baby rat and the continuous line the average 
values. 
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Fig. 3. Average values of hemoglobin in g per 

100 ml blood for 86 baby rats reared in air and 

92 baby rats reared in 15 per cent oxygen 1 to 
26 days. 


tained almost at the initial level for some 13 
days, after which it drops. The values are 
low between the 19th and the 25th day after 
which they seem to increase. These average 
values for each day are invariably higher 
than for the animals in air. The hemoglobin 
values vary in the same way as the hema- 
tocrit, as shown in Fig. 3. The hemoglobin 
and hematocrit average values in 15 per 
cent oxygen are constantly and considerably 
higher than the values in air. It is obvious 
that these differences are significant. 
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-man (Contopoulus ef al., 1955). In fact, 
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Fig. 2. Hematocrit in per cent for 92 baby re 
reared in 15 per cent oxygen 1 to 26 days. 


DISCUSSION 

Recent reviews on physiologic anemia 
the neonatal period have emphasized the i 
activity of the bone narrow in the first wee 
of life (Glazer, Limarzi & Poncher, 195 
Gairdner, Marks & Roscoe, 1952, 195. 
Schulman, Smith & Stern, 1954) and co 
related this with the increase in oxygen te 
sion which occurs after the child is 
It seems to be the same reaction as is knoy 
to occur in natives living at high altituc 
when they descend to sea level (Merm 
1950; Lawrence et al., 1952). If this hy 
thesis is correct it should be possible to pi 
vent, or at least reduce, this anemia by € 
posing them to an oxygen tension which 
lower than air. In order to obtain. sufficie 
experimental data we had to use newbo 
rats which have the same type of anemia 


also found a considerable reduction in 
anemia of our rats when they were expo: 
to 15 per cent oxygen. This may seer 
contradict the results published by Con 
poulus ef al. (1954). They intermittenly ¢ 
posed 6 rats of between 4 and 18 days of € 
to an altitude of 15 000 ft and kept 6 cont 
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ials at sea level. Their conclusion was 
there is no decrease in the anemia of the 
vatal period if the rats are exposed to 
xia. A study of their figures, however, 
als that the hemoghobin was 6.7 g per 
ml blood in the rats at sea level and 
in those at 15 000 ft. There is no appreci- 
difference in their hematocrit values. 
1 his report on the influence of hypoxia 
actating rats on the blood of their off- 
ng, Grant (1955) communicates that he 
ormed four preliminary experiments with 
es of rat litters placed in a low pressure 
nber for 6 hours a day. The baby rats 
1 to have been two days old when they 
e placed in the chamber. He found no 
cing difference in the blood values be- 
1 the anoxic and the control rats. No 
res are published. 
1 the preliminary experiments, where we 
not maintain a constant oxygen concen- 
on of 15 per cent but often had more 
yen in the cages, the differences between 
hemoglobin values in the baby rats in 
Ixia and those in air were less evident 
| in the series presented above. It there- 
seems possible that the difference in the 
Its obtained by Contopoulus et al. and 
nt compared with our results may be 
ained by the fact that the former had 
intermittent hypoxia. Another, and 
ably equally important, factor is that they 
not place the young rats in the low pres- 
chambers before the animals were two 
mur days old. 


CONCLUSIONS 
he anemia in the neonatal period of rats 
onsiderably delayed and lessened if the 
ig rats are exposed to continuous hyp- 


We 
oxia after birth. In our experiments the rats 
were not exposed to such intense hypoxia as 
they were in utero. The experiments there- 
fore do not indicate whether the increase in 
oxygen tension in extrauterine life is the 
sole factor in producing this anemia in the 
neonatal period or if there are other unknown 
factors of importance. 


SUMMARY 
92 newborn rats were reared in 15 per 
cent oxygen and sacrificed after 1 to 26 days. 
The hemoglobin and the hematocrit were 
studied and compared with 86 control animals 


‘reared in air. 


Hemoglobin and hematocrit is higher in 
the animals exposed to 15 per cent oxygen. 
The mean difference in hemoglobin is 1.8 g 
per 100 ml and in hematocrit 5.0 per cent. 

The results obtained support the hypo- 
thesis that the anemia in the neonatal period 
is due to the cessation of the stimulus for 
blood formation caused by the intrauterine 
hypoxia which occurs when the animals start 
breathing air. 

This study was supported by grants from Stif- 


telsen for Ljuspunkten 1956 and the Swedish 
Medical Research Council. 
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hanges in the content of serum glyco- 
eins in various pathological conditions 
> been investigated by a great number of 
atists. Already as early as 1885 Freund 
25) reported an increased content of 
ohydrate in cancer tissue. M6rner (1893) 
mined the occurrence of protein-bound 
saccharides in human serum. During 
nt decennia, the content of serum glyco- 
eins in cancer patients has been in- 
igated — inter alia — by Lustig & Lan- 
(1931), Seibert, Seibert, Atno & Campell 
17), Shetlar, Bryan, Foster, Shetlar & 
rett (1949), Weisbrod (1950), Green- 

(1951), Diengott (1954), Roboz, 
se & Forster (1955), Puls & Albaum 
6), and Lockey, Andersen & MacLagan 
)). The material of these investigators 
2s in composition and quantity. For 
rmination of polysaccharides various 
10ds have been used and the results have 
given as protein-bound hexose or hexo- 
me. In accordance with the various 
ods of analysis, the results show con- 
‘able variation, but compared to the 
ective normal material all the investi- 
rs have reported an increase of serum 
yproteins in cancer patients. A closer 
stigation regarding the grouping of the 
; according to the localization of cancer 


in different organs, operability, postopeéra- 
tive course and occurrence of metastases has 
not yet been made. The distribution of poly- 


_saccharides in different protein fractions has 


formerly been examined by Shetlar, Shetlar, 
Richmond & Everett (1950), who frac- 
tionated serum from cancer patients with 
salt-precipitation methods according to Milne 
(1947) and reported a marked increase of 
polysaccharides bound to albumin and a less 
considerable increase of a-globulin poly- 
saccharides. Seibert, Pfaff & Seibert (1948) 
fractionated serum according to Cohn and 
found an increased amount of polysaccha- 
rides in fraction [V—6 corresponding to 
a2-globulin. Weimer, Redlich-Moshin, Sal- 
kin & Book (1954) availed themselves of 
the low temperature — ethanol method to 
fractionate the proteins, and found only 
small quantities of carbohydrate bound to 
albumin. Roboz (1955) examined 8 cases of 
malignant tumor in the central nervous sys- 
tem with paper electrophoretic separation 
of serum polysaccharides according to Koiv 
& Gronwall (1952) and found an increase 
of polysaccharides in az-globulin and a 
decrease in f-globulin. Goa (1955) has 
determined the content of hexose and hex- 
osamine in protein fractions obtained by 
preparative electrophoresis on filter paper. 
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Of three cases of cancer two had increased 
ai- and a2-globulin polysaccharides. 

The aim of this investigation has been to 
study the changes in serum glycoproteins 
with respect to content and distribution in 
different protein fractions in caneer~ of 
varying localization, to follow the changes 
that take place in connection with operation 
or other therapy, to study the influence of 
metastases, and to collect a material so ex- 
tensive that the results could be evaluated 
statistically. 

MATERIAL 


All the examined patients have been under 
treatment at the surgical and radiological clinics of 
‘the University Hospital. The samples have been 
taken from patients suffering from cancer, where 
the diagnosis had been proved by histological 
examination. The age of the patients varied from 
28 to 87 years. Patients, however, who were 
treated radiologically, are not included in this re- 
port. Patients who were also suffering from other 
illnesses which can cause an increase of the protein- 
bound serum polysaccharides, were excluded. These 
diseases were mainly acute infections with fever, 
rheumatoid arthritis and diabetes with vascular 
changes. (For further references see Winzler 
(1955).) Samples were taken as soon as possible 
after admittance and before any treatment, and 
thereafter one month at the earliest after healing 
of the operation wound; the trauma itself causing 
an increased content of the polysaccharides (Shet- 
lar, Bryan, Foster, Shetlar & Everett, 1949; 
Schacter, Supplee & Entenman, 1952). After 
operation follow-up samples were taken from the 
patients every month, if possible. The material has 
been divided according to the localization of cancer 
into the following groups: gastrointestinal tract, 
breast, prostate and other localization. Gastro- 
intestinal cancer comprises 80 cases (98 samples) : 
_ 52 in the stomach, 13 in the colon and 15 in the 
rectum. Cancer of the breast comprises 74 cases 
(86 samples), cancer of the prostate 26 cases (37 
samples) and cancer with other localization 44 
cases (47 samples). The latter group is hetero- 


P. O. ALMQUIST AND E. LAUSING 


genous and consists of: bronchogenic cancer 
11 cases, hypernephroma 7 cases, cancer of 
esophagus 5 cases, cancer of the pancreas 6 ¢a 
cancer of the bladder 4 cases and 11 cases of 61 
localization. 

In regard to gastrointestinal cancer and m: 
mary cancer the cases have been divided into 
following groups: 


a) before operation without clinical signs of m 
stases, 
b) after operation without clinical signs of ree 
rence or metastases and, 
c) cases with proved metastases. 


The latter group of gastrointestinal cancer 2 
comprises those cases where the exploratory la 
rotomy showed the cancer to be inoperable. ] 
stases have been diagnosed clinically and by 
examinations. The cases with metastases have D 
divided into cases with regional and widespr 
metastases. As to the caficer of the breast ~ 
X-ray examination has been decisive. Regard: 
gastrointestinal cancer the division has been m 
difficult, because here clinical signs of even ¢ 
widespread metastases can be missing. In § 
cases we have employed survival time and find 
at exploratory laparotomy and autopsy. Regard 
mammary cancer only such cases are repor 
where samples were taken prior to horm 
therapy. 

As to cancer of the prostate the cases have D: 
divided into three groups: a) without metasta: 
b) with metastases but not treated with stilbes! 
and c) cases with metastases treated with stilbest 
The diagnosis in the first group was made 
histological examination after transvesical enuc | 
tion or electroresection and in the two other ero 
by X-ray examination of the skeleton. As aT 
the samples in the last group were taken 2 
months after the stilbestrol therapy was indt 


METHODS 

The protein-bound hexose has been determ 
according to Bjérnesjo’s (1955) modification of 
anthrone method. 
Hexosamine has been determined accordin 
Blix’ (1948) modification of Elson and Morg 
method. 
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tal protein in serum was determined with Van 
e's copper sulfate method. 

1e paper electrophoresis of protein was carried 
mn a moist chamber on Whatman No. 1 filter 
r. The electrophoresis was performed with 
ial-acetate buffer, pH 8.7, ionic strength 0.107, 
nt 7—8 mA, electrophoresis time 16 hours. 
protein strips were then stained with amido- 
arz 10 B according to Grassman and Hanning 
|). After treatment of the strips with trans- 
wt oil Soalex AVL the optical density was 
in the photometer according to Koiv (1953) 
red filter and 5 mm slit. The polysaccharide 
s were stained according to Koiv & Gronwall 


2), but instead of sulfite rinsing water 0.2 per 


aqueous solution of thionyl chloride was used. 
strips with distinct separation were photo- 
red; green filter and 3 mm slit were used. 


STATISTICAL. METHODS 


andard deviation was calculated according to 
ollowing formula: 


2 
a= 1/ : 
N—1 


the difference 


error of ECD ice eC) r= 


_———— 8 
M1)? + «(Me2)2 where «(M) is + Ve for re- 


ive mean values. (Dahlberg 1948.) 


RESULTS AND DISCUSSION 


1 every sample the content of hexose, 
yamine and protein was determined. 
er electrophoretic separation of protein 
protein-bound polysaccharides was car- 
out. Further, the relative polysaccharide 
ent was calculated as per cent of protein 
total and for each electrophoretic frac- 
The results of the polysaccharide elec- 
Moresis are also given as relative distri- 
yn. 

je mean values of protein-bound hexose 
normal material given in the literature 
between 103—158 mg per cent, depend- 


ing on method of analysis (Goa, 1955). 
BjornesjyO (1955), whose method is used in 
this investigation, obtained for a group of 
younger healthy adults a mean value ‘of 
123 mg per cent (range 106—146 mg per 
cent). The normal values for hexosamine 
show a variation between 67—97 mg per 
cent on determination with various modi- 
fication of Elson and Morgan’s method. 
Shetlar, Foster, Kelly & Everett (1948) 
have examined the variation of polysac- 
charides as regards age, sex and diet. They 
state that the content of hexose and hexos- 


‘amine increases in healthy individuals with 


age, so that the group “aged” (61—85 
years) has about 15 per cent higher content 
of hexose and 22 per cent higher content of 
hexosamine than the group of “young 
adults” (21—49 years). Sex and diet had 
no influence on hexose and hexosamine. 
values. 

On statistical treatment of the results the 
basic group was regarded to be that com- 
prising operated patients, who were clinically 
free from postoperative metastases or recur- 
rence. The mean values obtained for hexose 
and hexosamine in this group show a satis- 
factory agreement with normal values re- 
ported by other investigators, considering 
the relatively high mean age of the group 
and the possibility that some cases with cli- 
nically non-demonstrable metastases may be 
included. The difference D between the 
mean values for the groups without preope- 
rative metastases, the groups with metastases,, 
and operated patients without metastases, as. 
well as the error of the difference e(D) are 
given in Table II. According to the establi- 
shed principles D=3e(D) has been con- 
sidered to be statistically significant and. 
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Table I. Polysaccharide to protein ratio in per cent in whole serum and in elec 
trophoretic fractions, given as mean and standard deviation, in gastrointestinal ca 

cer, cancer of the breast, cancer of the prostate and cancer with other 
localizations. 


| Total Albumin 


Gastrointestinal cancer 


Without metastases, bef. operation | 4.4-0. 
Without metastases, aft. operation 3.8+0 
Regional metastases ........... 4.5+0. 
‘Widespread metastases ......... 5.2+1. 


‘Cancer of the breast 
Without metastases, bef. operation | 3.8+0.4 | 1. 


a,-glob. 


6| 1.340.6 | 12.54+3.9 
A| 12404 | 98242 
5] 1.24+0.4 | 13.0461 
1] 1.60.9 | 14.045.3 


30:64), 9:6-£3.3 


Without metastases, aft. operation 3.740.4 | 1.3+0.4 | 10.3+4.2 


Regional metastases .5..... 4... 4.0+1.5 


125 
Widespread metastases ......... 4.7+0.5 1.8 


Cancer of the prostate 


5+0.5 | 10.4--3.2 
nS) 


UMlgsse Sy 


Without metastases ............ 4.1+0.6 2.1+0.9 9.0+3.1 
Metastases, not treated ......... 5.1+0.8 1.6+0.7 | 11.74+4.2 
Metastases, treated with stilbestrol| 4.0+0.4 1.2+0.7 8.9+1.6 


‘Cancer with other localization 


Without metastases, bef. operation | 4.30.8 0.8+0.4 | 12.54+4.7 
Without metastases, aft. operation 305 1.0 12.6 
iVletastases son acca. crete aa | 5.741.0 | 0.9+0.5 | 14.94+5.1 


D = 2.5—3 «(D) in high degree probable. 
Regarding cancer of the prostate we have 
proceeded from the group with metastases 
treated with stilbestrol, the values for poly- 
saccharides in this group showing little 
difference from those obtained in operated 
cases of mammary cancer and gastrointesti- 
nal cancer. In the heterogenous group con- 
taining cancer of other localization such a 
statistical evaluation could not be carried out 
because the number of operated cases free 
from metastases was not sufficient. The 
results of the polysaccharide determination 
with individual values and their means with 
standard deviation are presented in Figures 


a_-glob. 


11.34:3.6 
OSer2e2 
132222277. 
12 lee Se 


935-320 
Si8se2.7 
9°3--4.0 
10.9+2.5 


1223-3 
9.6 
Bre hee et 


B-glob. 


1, 2, 3, and 4. Statistical analysis is B 
sented in Table II. A statistically signifie 
increase in protein-bound polysacchari 
before operation .in cases without clinic 
demonstrable metastases was 
gastrointestinal cancer (Fig. 1). Even 

of other localization (Fig. 4) showe 
clearly elevated polysaccharide level. 

garding cancer of the prostate (Fig. 3) 
group without metastases compared to 
patients treated with stilbestrol showed 
creased carbohydrate values but without 
positive statistical significance. Cancer 
the breast (Fig. 2) holds an exceptit 
position, no increase of polysacchar 


found — 
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ableII. Statistical evaluation of results. Difference D between the mean values for 
cases of manifest cancer compared to operated or to hormone-treated cases, 
error of the difference e(D) and the quotient D/e(D). 


Without metastases, Metastases, Metastases, 
before operation regional widespread 
D&D) D/e(D) D e(D) D/e(D)} D  «(D) D/e(D) 


‘rointestinal cancer 


EE Se eee ee ne PUM Oy Riy/ 5.4 24.0 3.5 6.9 50.0 6.2 8.1 
“oTaNTaEESTED” <5 2Sene ORRE Ee ROS RI oe 7.0 eS)5) 4.9 LEON e3.2 5.0 36.0 6.0 6.0 
pis co tre nea ais, Secyeis We sedenee 0.6 0.13 4.6 0.7 0.16 4.4 14 022" “63 
oa g PADD UTI ay ite ae xis eyeccie OL 013 10:8 0 OFS 0 0.4 0.18 2.2 
gs One PIOM arc caeieiste cieesre aces » 2 Sie O7 ooo Bie ilar) ile Pre MEI, Zick! 
ae Calon Sa aoe ans 95" 0.79 *1:9 3.4 0.87 3.9 2:3 0:82) 238 
ee oad Baslobe tence: oer, 3 0.2 0.56 04 0.3 0.67 0.4 145 O61 B23 
PVE trlObyan Bene cident eteeiatay oes O20 02555 0:8 0 Osi 0.4 0.41 #421.0 
cer of the breast 
UE eae GR SE ae eee 5.0 4.0 WP? 17.0 4.6 se) 42.0 6.6 6.4 
— USETITITIES gta Oe eg er 103-6 0.3 HED). P/ets) 15 28.0 5.4 5.2 
| BU Gall yates. eactevencvelonciste Os Ont 0:9 0.3 0.21 1.4 Oy O04 7.1 
8 s /iVoguiaatis’ opiate Saree etc 0 OF7 AeA: (OPA Mihaly Ate? OFS KONA 356 
: = 3 Ge lOD sam nares oi. aac aie Opa. 0) 0.7 Osis 0.1 122 1.04" Fl 
2 ° WA-PIOD sy Bie ees sie siseiersis 1G 0.30mi. 2 0.5 1.47 0.3 Pal MURAL eh) 
: 8 a Caglobime setts ct. a fcuete orsss O37 10368 FO:S LOR OS Ose 2c 0.5 0.48 1.0 
SCL wes nol sisccreyevsirecpisrayale 0.2 0.36 0.6 O6r 0536 0 0.30 O 
Without metastases Metastases 


cer oj the prostate 


og SR ee eee ies 7 4o) 224 49.0 7.8 6.3 
ee er er $4.47 AY, otal 34.0967 oul 
7 (EUV, ROO ee ea a O19 0:25. 0:4 11 0.23 48 
fe Peiburiey hie can oo: OF 0.39 “23 04 0.26 1.5 
Benes e-glo. se os ee Oty = 1.20." 68 De -25 
ae eS ad See 14 0.79 1.8 BT. 1.03; 08326 
BRE gO feed seme on 12-068 “18 1.5. tl4e Pig 
: SE RIOD Ge tawhcousa hese os O.5° 0:37) 1.3 if) 059.7 *1.9 


urring in the cases free from metastases. 
stlar et al. (1949) have made the same 
ervation and are of the opinion that the 
rly normal polysaccharide values in cases 
skin cancer and cancer of the breast may 


D  <«(D) Dio) D <(D) D/e(D) 


depend on the relatively early diagnosis of 
these forms of cancer. 

After operation of the cases without 
metastases and after treatment with stil- 
bestrol of cancer of the prostate the serum 
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Table III. Percentile distribution of polysaccharides in the electrophoretic- 
ally separated serum fractions im cancer. 


&%-glob. B-glob. 


Gastrointestinal cancer 


Without metastases, bef. operation 12.3 
Without metastases, after operation 15.1 
Regional metastases 12.2 
Widespread metastases ......... 12.6 


Cancer of the breast 


Without metastases, bef. operation 15.8 
Without metastases, after operation 16.2 
Regional metastases ............ 16.3 
Widespread metastases ......... 16.2 


Cancer of the prostate 


Without metastases ............ 18.8 
Metastases, not treated.......... 12.9 
Metastases, treated with stilbestrol 12.4 


Cancer with other localization 


Without metastases, bef. operation 8.4 
Without metastases, after operation 1522: 
Mietastaseste aye cto-s stsiacis tunics 6.6 


GASTROINTESTINAL CANCER 


mg NO METASTASES METASTASES 
percent BEFORE AFTER REGIONAL WIDESPREAD 
240 OPERATION OPERATION 


11 157 127 


N 154 128 138 184 
SD. 153 160 124 103 91 88 305 235 
¢ HEXOSE 
° HEXOSAMINE 


Fig. 1. Serum protein-bound hexose and hexos- 
amine level in gastrointestinal cancer. 
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CANCER OF THE BREAST 


NO METASTASES 


BEFORE AFTER 
OPERATION OPERATION 


° 
z 
8° 
° 


MEAN 145 
S.D. 140 
° HEXOSE 
© HEXOSAMINE 


18 
12.2 


140 
15.0 


117 
13,4. 


2 


= 


Fig. 


ME TASTASES 
REGIONAL WIDESPREAD 


r) 
8 
st 


157 
14 


182 145 


20,6 25.8 209 


Serum protein-bound hexose and hexos- 


amine level in cancer of the breast. 


saccharides showed a decrease and a 
ency to approach normal values. 

1 cases of metastases all the investigated 
is of cancer showed a statistically signifi- 
increase of serum polysaccharides, the 
‘ase being more marked in cases of wide- 
ad metastases than in those with regional 
istases. As to mammary cancer, how- 
, the increase of hexosamine became 
ificant first in the presence of wide- 
ad metastases. 

he relative content of polysaccharides in 
ein is shown in Table I. It showed an 
‘ase in those groups where the absolute 
ent of hexose and hexosamine were in- 
sed. The quotient was clearly higher 
re operation in gastrointestinal cancer, 
not in mammary cancer or cancer of 
rostate without metastases. In the pre- 
e of metastases the quotient was signi- 
tly increased in all the groups. 


Whether there is a general increase in 
polysaccharide content of the serum protein 
or whether one or more special components 
rich in polysaccharides occur in an unusually’ 
high concentration, is a problem that can 
only be solved by examining the relative 
content of the polysaccharides in serum pro- 
tein fractions. A tendency toward increased 
content of polysaccharides in the albumin 
fraction was found in cases of widespread 
metastases. This increase was considerable 
in mammary cancer, but even in cancer of 
the prostate and cancer of the gastrointesti- 
nal tract, the rise was evident. The increase, 
however, was not so high as earlier reported 
by Shetlar et al. (1950). The content of poly- 
saccharides in ai-globulin was considerably 
increased in gastrointestinal cancer in cases 
without preoperative metastases as well as in 
those with metastases. For mammary cancer 
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CANCER OF THE PROSTATE 


mg | NO METASTASES 
per cent 


METASTASES 


NOT TREATED TREATED WITH 
STILBOESTROL 


ee Aye ee 


3 

® 
PS 
807 MEAN 160 


S.D. 174 
° HEXOSE 


124 
16.8 


(93 
27.0 


144 (16 


50 
20,5 45 155 


* HEXOSAMINE 


Fig. 3. Serum protein-bound hexose and hexos- 
amine level in cancer of the prostate. 


no statistically certain difference in the 
various groups was found. For cancer of 
the prostate an increase was noted in cases 
with metastases. As to ae-globulin it was 
observed that the relative content of the 
polysaccharides showed a tendency to in- 
crease in cases without preoperative meta- 
stases in gastrointestinal cancer. In cases 
with metastases this increase was statistic- 
ally significant for gastrointestinal cancer 
and cancer of the prostate. The increase was 
less clear in the cases of mammary cancer 
with metastases, where it became probably 
significant first in cases of widespread meta- 
stases. The relative content of polysaccha- 
rides in £- and y-globulin was on the whole 
the same in cases without preoperative meta- 
stases in comparison to the operated cases. 
In cases with metastases the quotient for 
b-globulin showed a tendency to increase. 
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Fig. 4. Serum protein-bound hexose and hes 
amine level in cancer of various localizations. 


This tendency, however, had no cé 


statistical significance. The content of pt 


saccharides in y-globulin was mainly 
stant irrespective of clinical change. 


} ; or , 
mentioned earlier, no statistical evaluation 


the results for the heterogenous group 


cancer with other localization was mia 


The changes in the relative content of 


saccharide in the protein fractions in 7 


group seemed to follow those stated 


cancer in the alimentary canal, a1- and 
globulin being most rich in polysacchart 


The relative distribution of polysae 
rides in the electrophoretically sepat 
fractions is shown in Table III. The gre 
changes occurred in the a1- and ae-fract 
especially in the groups with metast 
where increased values were found. 

Fig. 5 demonstrates the changes im 
content of hexose, hexosamine and 
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STILBOESTROL 3mqg x 3 daily 
=. 


TOTAL POLYSACCHARIDE 


HEXOSE 
INE 


_ -—___. 
eg 
\ 


ACID PHOSPHATASE 


65 DAYS 


5. Changes in hexose, hexosamine and acid 

hatase level in serum after administration of 

trol in a case of cancer of the prostate with 
skeletal metastases. 


phosphatases in serum for a case of cancer 
of the prostate with skeletal metastases 
under treatment with stilbestrol. The con- 
tent of the polysaccharides decreased and 
reached a constant level after 17 days treat- 
ment. Moreover, it was found that this de- 
crease paralleled that of the serum acid 
phosphatases. 

Tig. 6 shows the relative distribution of 
proteins and polysaccharides for the same 
case of cancer of the prostate with metasta- 
ses before treatment and after 14 days 
treatment with stilbestrol. 

We cannot, for the time being, make re- 
commendations concerning the clinical use of 
the above results, but it is probable that the 
determination of serum polysaccharides can 
be of use in investigating malignant disease, 
if other pathological conditions with in- 


AFTER 
TREATMENT 


Electrophoretic patterns of serum proteins (dotted line) and polysaccharides (solid line) in a 
canser of the prostate with skeletal metastases before and after 14 days treatment with 
stilbestrol. 
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creased polysaccharides can be excluded. 
Further, the observations concerning cancer 
of the breast, where polysaccharides became 
increased first after the occurrence of meta- 
stases, are perhaps of a certain clinical im- 
portance. We assume that the observations 
concerning the increase in polysaccharides 
in connection with dissemination of the 
cancer ought to be made the object of 
further clinical investigations. As changes in 
protein-bound hexose and hexosamine occur 
in parallel, the determination of the content 
of hexose, being a simpler laboratory proce- 
dure, would be clinically sufficient. 


SUMMARY 

224 cancer patients were examined re- 
garding the content of the protein-bound 
serum polysaccharides and their distribution 
in the electrophoretic fractions. The localiza- 
tion of the cancer and the clinical picture 
were used as the basis for grouping the 
cases. 
and hexosamine in cases free from metasta- 
ses has been found in gastrointestinal cancer, 
cancer of the prostate and in cancer of other 
localization, with the exception of cancer of 
the breast, where no increase occurred. In 
case of inoperability or after the occurrence 
of metastases the high level of the poly- 
saccharides was even more marked and was 
significant also in case of mammary cancer. 
By paper electrophoretic separation of pro- 
tein and polysaccharides it was possible to 
establish that the relative content of the poly- 
saccharides increased most in a1- and ap- 
globulin. Changes of the relative content of 
polysaccharides in the albumin and £-globu- 
lin fractions were observed in cases with 
metastases, but they lack definitive statistical 
significance. 


A preoperative increase of hexose 
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A number of different wavelength com- 
binations have been employed in the spectro- 
photometric methods for determination of 
hemoglobin oxygen saturation in blood. The 
present investigation has been undertaken in 
order to determine the accuracy of a method, 
when three different wavelength combina- 
_ tions are employed, and further to determine 
the effect of increased content of bilirubin 
and lipids in the blood, and of smoking. 

Optical density was read successively at 
three characteristic and frequently employed 
wavelengths, 576 and 560 mu, a maximum 
and a minimum in the absorbtion curve. of 
oxyhemoglobin, and 506 my, an isobestic 
point for the absorption curve of oxyhemo- 
globin and hemoglobin, and the oxygen satu- 
ration was calculated with the combinations 
576—560, 576—506 and 560—506. 

The combination 576—560 has been used 
by Klungsgyr & Stga (1954) (575—558) 
and Refsum & Sveinsson (1956), and 576— 
506 by Tsao, Sethna, Sloan & Wyngarden 
(1955), while results with the combination 
560—506 have previously not been published. 


METHODS 
Procedure. Immediately after hemolysis the 
optical densities were read at 20° C on a Beckman 
Spectrophotometer Model DU in the sequence 576, 
560 and 506 my (slit 0.04), using Klungsgyr & 


Stga’s ultramicrocuvette. For details see Klung : 
& Stga (1954), Refsum & Sveinsson (1956) 
Refsum (1957). 


Calculations. The hemoglobin oxygen satuf 
was calculated according to the formula for a 
trophotometric two-component system (Dra 
1951): 

Percentage HbOz = 

Di . DHbide DHbA1 

Diz DHbO2t2 DHbOede 
100° 
DA ( DHbie ) DHbO2/1 DHI 
Diz \DHbOsk: -/ * DHbOse DEM 


At and dz being the wavelengths employed, 
the optical densities of the sample at these } 
lengths, DHbd1-2 and DHbOb:d/1-2 the optical 
sities of blood with 0 and 100 per cent op 
saturation respectively. The quotients in ° 
DHbi-2 and DHbOed1-2 are concerned, are 
stants which need be determined only once. 


calibration curve Dé1s/Dide versus percentage | 
is slightly curved. When dz represents an iso! 


point (e.g. 506 mu), DHbOzi2 = DHbds, 
mula is simplified and the calibration cur 
linear, 


RESULTS AND DISCUSSION 
Spectrophotometric constants for the 
culation of hemoglobin oxygen satuf 
were determined in 10 different blood s 
les (Table I). 
The oxygen saturation was detert 
spectrophotometrically by means of the 
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elength combinations and manometrically 
n Slyke, 1924) in 23 different blood 
ples (Table IT). 
he mean difference between the duplicate 
ings was 0.2 for 576—560, 0.7 for 576— 
and 0.6 for 560—506, while the corre- 
iding standard deviations were 0.15, 0.43 
0.44 respectively. 
he results show that in the determination 
he spectrophotometric constants as well 
n the analyses, the best agreement be- 
sn duplicate readings was found with the 
elength combination 576—560, where the 
rence between DHbO2A1/DHbOs2d2 and 
bA1/DHbaz is large, while at the same 
» the absolute values of these quotients 
small. Further it is seen that the agree- 
t between the spectrophotometric and 
jometric results is somewhat better with 
combination 576—560 than with any of 
other two combinations. 
he greater degree of inaccuracy, both in 
determination of the constants and in the 
yses at the wavelength combinations 
—506 and 560—506, is related to the 
culty of obtaining readings which are 
‘esentative for the isobestic point (506 
). A slight shift of the isobestic point or 
ight error in the reading leads to a con- 
table error in the calculated quotient, 
cially with the combination 576—506. 
the other hand, D506 remains constant 
r hemolysis, while D576 and D560 often 
ige rather quickly, due to a reduction 
he oxygen saturation (Refsum, 1957). 
he procedure for the determination of 
of the constants for the wavelength 
bination 576—560 is technically some- 
tt complicated, because both DHbOz and 
b must be determined in the same blood 


Table I. Spectrophotometric constants for 

calculating hemoglobin oxygen saturation 

with the wavelengths 576—560, 576—506 

and 560—506 my, determined in 10 different 
blood samples at 20° C. 


Mean SoD: 
DHb02576/DHbO2560 1.807 0.002 
DHb576/DHb02560 1.094 0.005 
DHb560/DHbO2560 1.470 0.005 
DHb02576/DHb0O2506 3.161 0.006 
DHb576/DHb506 1.915 0.007 
DHb02560/DHbO2506 1.750 0.004 
DHb560/DHb506 2.570 0.009 


“Table ll. The hemoglobin oxygen satura- 


tion in per cent, determined spectrophoto- 
metrically in hemolyzed whole blood with the 
wavelength combinations 576—560, 576— 
506 and 560—506 my, and manometrically. 


Spectrophotometry 
= Lana menny, 
576—560  576—506 560—506 

9.2 8.2 * 10.4 9.3 
13.4 13.9 12.6 13.8 
18.1 WAT. 18.9 18.4 
20.1 19.7 20.7 20.3 
22.0 22.8 21.8 23.2 
34.1 33.9 34.0 34.7 
47.3 48.5 45.7 47.5 
RAYE 52.0 53.0 54.0 
58.2 59.2 56.6 57.9 
71.8 72.4 70.8 72.4 
83.0 81.7 83.9 83.6 
83.7 84.0 83.1 84.4 
84.3 84.5 84.1 82.6 
85.2 84.6 85.8 87.5 
87.4 85.6 88.9 87.2 
91.1 90.4 91.8 92.2 
92.4 90.6 93.9 92.6 
92.9 93.2 92.7 90.8 
93.8 93.8 93.8 93.7 
94.0 92.4 95.2 93.1 
94.0 94.7 93.3 95.0 
94.6 94.8 94.5 93.0 


959) 95.1 96.2 96.9 


UO 


sample at exactly the same depth of cuvette 
and at the same concentration of total pig- 
ment. (See the calculation formulas.) 

Tsao, Sethna, Sloan & Wyngarden 
(1955), among others, found sodium dithio- 
nite unsatisfactory as a reducing agent in 
determination of the spectrophotometric 
constants where DHb is involved. Table II 
shows that there is good agreement between 
the spectrophotometric and manometric re- 
sults also at low oxygen saturations. This 
indicates that the procedure employed for 
reduction (6 mg NazS2O4 per ml hemolyzed 
blood) is adequate for determining constants 
for use in determination of oxygen saturation 
in the range investigated. In some additional 
investigations the same values were obtained 
for DHb regardless of whether the calculated 
quantity of sodium dithionite, or two or three 
times as much, was used, and the values re- 
mained unchanged for more than one half 
hour. 

Analytical errors due to inaccurate’ adjust- 
ment of temperature are dependent both on 
the wavelength combination and the oxygen 
saturation, but are greatest at the combina- 
tion 5/6—506 and usually smallest at 560— 
506 (Refsum, 1957). 


The effect of increased content of bilirubin 
and lipids in plasma, and the influence 
of smoking 

The optical densities were determined in 
plasma samples with varying content of bili- 
rubin. While D576 and D560 were practi- 
cally zero at bilirubin contents up to 20 mg 
per cent, D506 increased considerably. Hence 
the determination of oxygen saturation with 
the wavelength combination 576—560 was 
not influenced even by high bilirubin content. 
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But with the combination 576—506 in ty 
fully oxygenated blood samples with bili 
bin contents of 19.7 and 3.4 mg per ce 
(with normal hemoglobin conceritration ' 
hematocrit) the oxygen saturations obtaihe 
were too low, respectively 88.3 and 97.7 px 
cent. Correspondingly, with the combinatic 
560—506, the values were too high, respé 
vely 109.4 and 101.7 per cent. At decreas 
levels of oxygen saturation the error 
increase for the combination 560—506 af 
decrease for 576—506. . 

The optical densities were similarly dete 
mined after a meal with high fat cont 
(cream), and an increase was found at 
wavelengths, highest at 506, lowest at 5 
mu. Fully oxygenated blood samples fro 
healthy person with normal hemoglobin at 
hematocrit, and fasting plasma lipids of 7 
mg per cent were investigated. After increa 
of the plasma lipids to 910 and 1050 
per cent, the oxygen saturations found w 
respectively 99.7 and 99.3 per cent at | 
wavelength combination 576—560, 98.0 4 
95.3 per cent at 576—506 and 101.4 ¢ 
102.8 per cent at 560—506. At lower satut 
tions the error at 576—560 and 576 
will be somewhat smaller, at 560—506 son 
what greater. 

Analytical errors due to a particular o 
tent of bilirubin or lipids in the plasma Y 
be greater at low hemoglobin and hematoc 
values, and will be more than doubled wh 
the hemoglobin concentration decreases 
half. 

The analytical errors due to increas 
bilirubin or lipid content can be elimina 
by subtracting optical density for plasm 
(1—hematocrit) from the optical density 
the hemolyzed whole blood at the respect 
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lengths, and otherwise using the usual 
rophotometric constants in calculating 
oxygen saturations. Alternatively, one 
use the uncorrected optical densities for 
hemolyzed blood and make a special 
tmination of the spectrophotometric con- 
S$ in the same blood. 

ood samples of 5 ml were taken from a 
ser (5-10 cigarettes per day) before 
after smoking two cigarettes. After equi- 
tion with 600 ml pure oxygen for about 
ninutes, the oxygen saturations at the 
length combinations 576—560, 576— 
and 560—506 were 99.1, 99.0 and 99.2 
cent in the sample before smoking, and 
, 95.9 and 96.6 per cent in the sample 
. Analytical errors due to the presence 
SOHb and other inactive hemoglobin 
yates may be corrected by inserting con- 
s in the formula for calculating oxygen, 
rmined especially for the blood sample 
zestion. 

n the basis of these findings the combina- 
576—560 is recommended. 


SUMMARY 
ve hemoglobin oxygen saturation has 
determined spectrophotometrically in 
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hemolyzed whole blood in Klungsdyr & 

Stga’s ultramicrocuvette with the wavelength 

combinations 576—560, 576—506 and 560— 

506 mu. On comparison of the analytical re- 

sults, and investigation of the influence of 

increased content of bilirubin and lipids in 
the plasma, as well as increased content of 

COHb in the blood of smokers, the combina- 

tion 576—560 mw is found to be the most 

advantageous. 
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In 1922 uric acid riboside was isolated 
from oxblood by Davis, Newton & Benedict 
and identified by elementary analysis and by 
means of the acid hydrolysis products of the 
compound, viz. uric acid and d-ribose. Later 
the presence of uric acid riboside in ox-blood 
was verified by Falconer & Gulland (1939), 
who further showed that the compound was 
uric acid-9-d-riboside. 

Moreover, Newton & Davis (1922) pro- 
duced evidence for the presence of uric acid 
riboside in human blood and, in traces, in 
the blood from horse, dog, pig, chicken and 
sheep. Since the chemical basis of these 
findings is not too well established, the 
question of the presence of uric acid riboside 
in human blood has occasionally been raised 
in the literature (Kalckar, 1947; Van Slyke, 
1946; Jérgensen & Theil Nielsen, 1956). 

The present investigation was carried out 
to contribute to the final clarification of this 
problem, first by determining the optimal 
conditions under which the uric acid riboside 
in deproteinized ox-blood is hydrolyzed and, 
secondly, by determining if any uric acid is 
released when deproteinized human blood is 
subjected to the same hydrolysis conditions. 


METHODS 
Analytical method 
The determination of uric acid was carried out 
by enzymatic differential spectrophotometry accord- 


ing to the method described by Pretorius & 
Poulsen (1953). 


Copenhagen, Denmark. 


ee Ye 


y of Copenhagen and the Royal Danish School 0 


Experimental procedure. 
Hydrolysis of uric acid riboside in deprotei 
ized ox blood: 

Fresh, heparinized ox-blood was deproteiniz 
by pouring 100 ml blood, while stirring, sloy 
into 5 volumes of boiling 0.01 M-acetic acid. / 
2 minutes of boiling the denatured proteins wi 
filtered off, when still warm, on a big fold 
filter. 

The complete clear, yellow filtrate was evapo 
ted in vacuo at 50°, to the original blood vol 
This filtrate was used for hydrolysis experim 

The filtrate was acidified with 2.5 M-Hg 
to give a final concentration of 0.25 moles per 
and 1.0 ml aliquots were placed in ampules 
heated after sealing in a glycerin bath at 98 
aha (AS) 

At various specified time intervals ampules 7 
removed and cooled. The content of the amy 
was neutralized and buffered with 0.6 M-glye 
pH 9.2 and analyzed for uric acid. 


Experiments with deproteinized human bi 


5 ml samples of fresh, heparinized venous b 
were poured, while stirring, into 25 ml-of boi 
0.01 M-acetic acid. The precipitated protein 
filtered off and the clear filtrate was evapo! 
to dryness at 50° im vacuo. The residue was 
solved in 4.0 ml 0.03 M-glycine buffer pH 9.2, 
50 ul uricase was added to remove the free 
acid present. Uric acid riboside is not attacke 
this enzyme. It was checked after one hour 
no free uric acid was present. 

2 ml of the reaction mixture and 0.2 ml ! 


1 This investigation was aided by grants 
“Kong Christian den Tiendes Fond” and a 
alm. Videnskabsfond”. 
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DOES HUMAN BLOOD CONTAIN URIC ACID RIBOSIDE ? 
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o/ uc acid per litre 
Wood extract released 
cid hydrolysis at 98°C 


5 40 {5 20 30 35 


5 
Heating time, hours 


1. Release of uric acid produced by acid hydro- 
of ox-blood containing uric acid riboside. 
Temperature 98° C. 


O4 were placed into an ampule and heated for 
iours at 125°. After cooling the content of the 
tle was neutralized, buffered with 0.6 M-glycine 
).2, and analyzed for uric acid. ° 


REST ES 

igure 1 shows that the release of uric acid 
eproteinized ox-blood during hydrolysis 
5 N-H2SOu at 98 ° comes to an end at 
-13 hours. The liberated amount of uric 
corresponds to an initial concentration 
ric acid riboside of 1.08 mM per litre of 
lood extract. 
1 hydrolysis experiments performed at 
° a total hydrolysis was obtained after 
hours. Prolonged heating at this tempe- 
re seemed to be accompanied by a slow 
mposition of uric acid. After heating for 
3 and 4.5 hours at 125 °, the concentra- 
of uric acid was 1.11, 1.06 and 1.00 mM 
litre ox-blood extract, respectively. 

fter hydrolysis of blood from four dif- 


ferent persons no release of uric acid could be 
measured. Considering the limitations of the 
method used, it can be argued that less than 
0.0015 mM uric acid per litre blood is pre- 
sent in combined form. 

These results indicate that if any uric acid 
riboside is present at all in human blood, the 
amount is so small that it cannot be demon- 
strated with any significance by means of the 
present highly specific and sensitive method. 


SUMMARY 
A quantitative hydrolysis of uric acid ribo- 
side in deproteinized ox-blood is obtained in 


‘0.5 N-HeSOs after 12—13 hours at 98 ° and 


after 1.5 hours at 125°. 

Under this treatment deproteinized human 
blood give off no measurable amount of uric 
acid. This was substantiated by means of a 
highly specific and sensitive method for the 
determination of uric acid. 
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The presence of homogentisic acid or “al- 
kapton” (Bédeker, 1859) in urine is prima- 
rily recognised by the dark color of the urine, 
providing it is alkaline. However, more spe- 
sific methods are obviously needed, and a 
series of procedures have been recommended. 
One of the simplest and most specific methods 
is that devised by Fishberg (1942). It is 
based upon the reducing capacity of the 
hydroquinone groups of homogentisic acid 
acting ‘as a developer on a photographic film. 

The procedure is described as follows: 
' “The urine is made strongly alkaline with 
sodium or potassium hydroxide and drop- 
ped on regularly sensitized photographic 
paper. Wherever a drop of the urine touches 
the paper, the latter turns coal black in- 
stantly, ——. This may be done in full day- 
light.” Fishberg states that no other urinary 
substance is capable of reducing photogra- 
phic paper in this way and that an alkapton- 
uric urine will always give a positive reaction. 

During our experiments on an alkapton- 
uric patient, we found that his urine some- 
times gave a very faint “Fishbergs reaction” 
and that normal urine regularly produced a 
faint spot on the paper. This initiated further 
investigations concerning the method and a 
somewhat altered procedure is recommended. 


METHOD 
Hydroquinone standard. 


0.262 ¢ of crystalline hydroquinone is dissolved 
in 50 ml of normal urine. The solution is protected 
from light and renewed every day. 


1 With the assistance of Miss B. L. Stewart, 
M. Sc., New Zealand. 


Developer standard. 
Kodak D19 b is dissolved in water as instruct 
for ordinary use, and then diluted 1 :2 with w: 


Procedure. 


An ECG-film strip is exposed to daylight 
at least 10 minutes. 0.5 ml of a 10 per cent 
hydroxide solution is added to 2 ml of urin 
a test tube. Within 10 minutes a drop of the alk 
urine is added to the film in the dark room. 
strip is rinsed with water after 6 minutes 
fixed in an ordinary bath for 10—15 minutes. 
appearance of a grey to black spot indicates 
presence of homogentisic acid in the urine san 

In order to get a rough estimation of the he 
gentisic acid concentration, the darkness of 
spot, if necessary after appropriate urine dilu 
may be compared with a standard scale of s 
This is obtained by preparing a geometrical ¢ 
tion series of the hydroquinone or the devel 
standard solution and treating each tube 
series as described above for the urine. The 
diluted standards are equal to a homogentisi 
concentration of 0.80 per cent. The third spi 
generally a little weaker than the first two, 
the seventh spot (dilution 1:64) hardly vi 
(Table VII). 


RESULTS AND DISCUSSION 
Influence of daylight 

When the reaction was performed in 
light, definite although faint spots for 
normal controls were regularly obtained 
contrast with the statement of Fishberg. © 
was avoided if the reaction took place im 
dark room. 

Fixation 

It is necessary to fix the film after a 
action performed in the dark room. In 
“daylight procedure” such fixation is 
necessary, but if it is performed, all the s 


including the normals, will appear i 
distinct. 
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re I. Influence of amount of sodium hydroxide on the darkness of the spots. 
+++ tdicates a coal black spot, (+) a spot which is hardly visible.) 


SE 


10 per cent | Urine containing 0.89 per cent | Urine containing 0.22 per cent 
NaOH homogentisic acid homogentisic acid 
ml pH Darkness of the spots pH Darkness of the spots 
| 
0.03 6.8 0 11.1 - 
0.10 9.4 + 12.1 ++++ 
0.15 10.3 ects Cai) 12.0 Sate aerate 
0.20 11.4 Si pein ss Gig) 
0.30 11.9 ae ash sae 
0.50 11.8 Sine eataiate ete 


Length of light exposure 


he film was exposed to light for a short 
l of time (e.g. 15 seconds) before the 
on, the resulting spots were very pale 
accordance with ordinary photographic 
mena. Maximum darkness of the spots 
ybtained with a longer light exposure 
varying from one to five minutes with 
ent type and strength of light. If a mini- 
exposure time of 10 minutes is applied, 
timal result should always be obtained 
the present type of film. 


mount of sodium hydroxide added 

addition of an insufficient amount of 
to the urine, the resulting spots were 
or invisible. The pH had to be raised 
out 12 to give maximum darkness of 
yot (Table 1). This was usually obtained 
e addition of 0.5 ml of a 10 per cent 
m hydroxide solution (8—10 drops) 


ml of urine. 


tlapse of time after alkali addition 

spot tests were performed at intervals 
the addition of the appropriate amount 
dium hydroxide, the darkness of the 
ing spots decreased (TableI1). This de- 
> began earlier if the homogentisic acid 
nt of the urine was low (Table III). It 
ecognized after 1O—15 minutes, and con- 
1 until spots were no longer produced 
-2—16 hours). This happened although 


the pH of the mixture remained above the 
critical level. Further addition of sodium hy- 
droxide did not increase the density of the 
spots. With an initial insufficient addition of 
sodium hydroxide, only 4 weak spots devel- 
oped, and as before a further decrease was 
found on repeated tests. At the same time 
there was a decrease in pH. If this was 
raised by another addition of sodium hydrox- 
ide, a darker spot developed, which shows 
that the homogentisic acid had not been 
completely destroyed. Hence the decrease in 
darkness in this instance is due partly to a 
destruction of homogentisic acid and partly 


to a decrease in pH. 


“Developing time” 

If drops of alkaline urine were allowed to 
act on the film for a short period of time, 
the resulting spots were pale. With increasing 
time of contact the spots were darker and 
maximum response was obtained after about 
6 minutes contact (Table IV). 

This was true also for other concentrations 
of homogentisic acid. 


Urinary concentration of homogentisic acid. 


According to Fishberg “the reaction is 
unlikely to be negative in an alkaptonuric 
patient at any time”. However, under certain 
conditions the urinary excretion of homogen- 
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Table IL. Influence of time elapsed after addition of sodium hydroxide on the da 
ness of the spots. The urine contains 0.89 per cent homogentisic acid. (+ + + +i 
a coal black spot, (+): hardly visible.) 


Amount of 9 minutes. 21 minutes 39 minutes 60 minutes 70 min 
10 per cent Extra add: 
NaOH of 0.20 

10 per cent } 

ml pH Spot pH Spot pH Spot pH Spot pH Spi 
0.03 | 6.8 0 6.9 0 7.0 0 6.9 0 | 11.354+++2 
0.10 Oia 925- 9.15+ 9.0 (+) 11.65+++2¢ 
OSs Si10:3 0 eto Oe 10.0 +(+) 11.8 --=-3am 
0.20 MS Sesesrae(qe) IL) sess 10.8 ++ 11.8 ++++4 
0.30 11.9 +++4++4++ {11.9 +++4++44 /11.7 +++4++4+ 11.4 ++ 11.8 =a 
0.50 11.8 ++++4 [11.85+++++ |11.8 ++++(4)]11.85+++(4+)} 11.7 ++(4) 


4 


Table II. Influence of time elapsed after addition of sodium hydroxide on the da 
ness of the spots. The urine contains 0.22 per cent homogentisic acid. (+ + + + 
a coal black spot, (+): hardly visible.g 


60 minut J 


Amount of 3 minutes 16 minutes 30 minutes t 

10 per cent NaOH Extra additi 
of 0.20 ml 
10 per cent Nz 

ml pH Spot pH Spot pH Spot pH 

0.06 11.45 -(+) let's (+) | 10.75 (+) | 11.95 

0.10 el al aie ci ate | eae: St ieee 12.0 ++ 11.8 

0.15 12.0 Patan jee.0 alr aie ate | 12.05 ++ 11.85 


tisic acid may diminish, and especially if this 
coincides with a large diuresis the concentra- 
tion may be low enough to result in a gray 
spot (Table V). A certain correlation can be 
recognised between the darkness of the spots 
and the homogentisic acid concentration, as 
determined by the method of Metz (1927), 
modified by Lieb & Lanyar (1927) and by 
Metz (1930). This was also found for dilu- 
tion series of alkaptonuric urines (Table V1). 


With a suitable standard scale of sp 
is thus possible to estimate roughly the 
centration of homogentisic acid in the sa 

As homogentisic acid is not easily avat 
we made some experiments with h 
quinone as standard. If the hydroqu 
group in both reagents has the same ¢ 
oping (reducing) ability, 1 g of homoge 
acid should equal 0.655 g of hydroqui 
This was in fact the case, as show 
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(HEX) 


le IV. Influence of time of contact be- 
1 the drop and the film on the darkness 
2 spots. The urine contains 0.16 per cent 
gentisic acid. (+++++: a coal 
black spot, (+): hardly visible.) 


Table V. Variations in the homogentisic 

acid concentratoin in the urine during one 

day and the darkness of the corresponding 

Spots. (+++++: a coal black spot, 

(+): hardly visible.) The patient took 

a low protein diet with an addition of 3 g 
tyrosine orally at 6 a.m.) 


linutes of contact | Darkness of the spots 


SORAANE 
+ 
+ 
ss 
we 


| +++(4+) 


Darkness 
of the spots 


Urine sample 
collected at 


Homogentisic 
acid concentra- 
tion in per cent 


6 a.m. Or33 +++ -+(+) 
8 a.m. 0.89 $+++4+-+ 
10 a.m. 1.23 -++++ 
2S 135 +++++ 
2 p.m. 0.61 +++++ 
4 p.m. 0.19 +--+ 

6 p.m. 0.09 Ht 


ble VI. Spots resulting from geometrical dilution series of an alkaptonuric urine and 
m equimolecular solution of hydroquinone in normal urine, in water and some salt 
solutions. (+++++: acoal black spot, (+): hardly visible.) 


Darkness 
of the spots 


tion | Homogentisic acid 
concentration in 


per cent 


1 0.89 ie ae ie 
7h 0.45 fe aig, eich aie 
4 0.22 Sete a 

8 0.11 C+) 
16 0.06 Sates 
32 0.03 +-(-+F) 
64 0.015 (45) 
128 0.0075 0 


= VI, where the hydroquinone concen- 
yn is chosen to correspond to the homo- 
sic acid concentration in the original 
.. To find a more suitable solvent for the 
oquinone standard than the normal urine 
oyed in Table VI, we tried different 
solutions (MgSOu, NaCl, NaHSOs, 
in commercial developer) without suc- 
They all gave the same results as plain 
r: an abrupt fall in spot strength (Table 
last column) completely different from 
low decrease seen for homogentisic acid 
or hydroquinone in urine. 


Hydroquinone 
concentration in 


Darkness of the | Darkness of the 
spots with normal | spots with water 
urine as solvent | (or salt solutions) 
solvent 


per cent 


0.58 +++++ +++++ 
0.29 +++++ +++++ 
0.15 ++++(+) +(+) 
0.07 Sidi imeaiin rie) (+) 
0.036 +++ (+) 
0.018 feb (+) 
0.009 as 0 
0.0045 0 0 


A commercial developer for films (Kodak 
D19 b) was tried in half the ordinary con- 
centration, and it gave a result more similar 
to the urines (Table VII). 

The best standard is apparently hydro- 


. quinone dissolved in normal urine. 


SUMMARY 


A modified film spot test (Fishberg) for 
homogentisic acid is described and a stan- 
dardised procedure recommended. A rough 
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Table VII: Standard scales of spots resulting from geometrical dilution series of hya 
quinone in urine and of a commercial developer. (+ +++ +: 4 coal black spot, (+ 
hardly visible.) 


ie lee 


Darkness of the spots: 


q 
Dilu- | Hydroquinone | Corresponding | Hydroquinone Developer Developer Developer 
tion | concentration | homogentisic |innormal urine] 1/2 ordinary minus salt minus sé 
in per cent | acid concentra- strength in portion in portion i 
tion in per cent water water normal urin 
tet 0.52 0.8 a di ea a Sete tat aie sal a ta Gs i +++ 
1:2 0.26 0.4 Sete etaatrts Sear ate oP aces tere) + Ee 
1:4 0.13 0.2 aint ateale Bale ier aa siete cir cte += 
1:8 0.065 0.1 +++ ES) Seoea Ge. . += 
1:16 0.033 0.05 set Siete =p 4-) se 
1:32 0.016 0.025 + (4+) (+) 4 
1:64 0.008 0.0125 0 0 0 


estimation of the homogentisic acid concen- 
tration in the alkaptonuric urine can be ob- 
tained by this very simple method. 
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PeSUCTION DEVICE: FOR PIPETTES 


By R. DYBKAR 


From The Central Laboratory, Frederiksberg Hospital, Copenhagen, Denmark 
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ling of pipettes by oral suction may 
nt inconveniences and even be danger- 
m case of poisonous, corroding of in- 
us fluids. 

} overcome these hazards several ingeni- 
types of pipette suction devices have 
constructed. A major inconvenience is 
the tip of the pipette is impossible to 
‘ol accurately using one hand only, as 
derable force is usually necessary. 

ie following construction functions in 
ection with a water suction-pump, and 
sily operated by small pressures of the 
b. 

few explanations will be necessary (see 
. The conical receiver (lower end) will 
t all commonly used pipettes tightly and 
ely because of the soft replaceable poly- 
chloride gasket. This is made from a 
with 4 mm lumen and 2 mm wall. A 
al shape is obtained by pulling the tube 
a metal cone with an angle a little 
r than desired for the finished product. 
and tube are warmed in glycerol to 
C, then cooled in tap water. The canal 
the receiver is continued through a 
obliquely cut tubelike extension of the 
al metal core. Airtight closure is here 
ted by an S-curved and tempered steel 
g, 5 mm wide and 0.5 mm thick, and 
| with a short length of rubber tube. 

ie fit between the outer metal cylinder 
er part) and inner cylindrical core 
d be practically airtight. 

e suction device and pipette is prefer- 
gripped like a dagger, thus supporting 


201 


tor suction 


Axial section through suction device for pipettes. 


1. Conical receiver with plastic gasket (hatched). 
2. Eccentric canal in central metal core. 3. Outer 
metal cylinder, tightly fitting over central core. 
4. Tempered steel spring emerging though hole in 
outer metal cylinder and fixed in central metal core 
by two screws. 5. Short piece of rubber tubing per- 
mitting air-tight closure over obliquely cut tubelike 
extension of central core. 6. Soldered metal cover 
on outer cylinder, carrying a metal tube for con- 
nection with suction. 
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the pipette with the proximal part of the 
hypothenar. 

The bent metal tube is connected to a 
water suction-pump in moderate action. No 
suction is exerted on a pipette inserted in 
the receiver as air is drawn through the 
opening in the outer metal cylinder and the 
canal to the receiver is closed by the spring. 
Suction is started by letting the pulpa of the 
thumb close the hole in the cylinder and at 
the same time pressing on the bend of the 
spring. As no vacuum has been built up pre- 
viously, the initial suction is gentle, but 
rapidly becomes maximal. When the solution 
approaches the mark on the pipette, the pres- 
sure of the thumb is gradually relased and 
ceases at the appropriate moment. The exact 
adjustment will be rapidly achieved with 
short practice. 

Should the volume mark be overreached, 
the adjustment is effected by a slight pres- 
sure on the spring with the tip of the thumb 


and without closing the opening in 1 
cylinder. In the same way the vacu 
the pipette is relieved when the pipette 1 
be emptied. 

With a spring of appropriate streng 
the force necessary for manipulations 
slight. fs 

It should be noted that when neith 
spring nor hole is touched, the tip of 
empty pipette may be inserted in the soluti 
without being filled, and a full pipette 
be removed from the solution in the sé 
way. t 

The pipette is fully controlled all the ti 
thus the tip and the exact adjustment of t 
meniscus may be conveniently observed, 
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BU RET hE 
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he principle of  self-adjustment for 
sttes is valuable and has been solved 
everal ways (1. a. Daffert, Derona and 
wezinski types). 

ll types, however, are intricate and conse- 
ntly expensive and vulnerable. Cleaning 
<tremely difficult especially with deposits 
he tips at the zero point and breakage is 
1 frequent. 

he following simple burette has been 
le (Fig. 1, 2) and found to present some 
untages. 

. thick walled capillary tube 50 mm long 
1 a bore of about 0.5 mm and 6—7 mm 
‘nal diameter is fused on the “zero end” 
1 good, graded burette tube so that the 
iting zero lies at the free end of the 
llary. This is finely ground to a conical 
The whole of the capillary only contains 
21, thus corresponding to one small divi- 
on the usual one- or two-milliliter 
SELES. 

‘he other end of the burette tube is fused 
the single tube of a two-way stopcock 
1 two oblique bores. In burettes for 1—5 
a capillary-tubed stopcock is used, for 
iter volumes thick tubes are better. One 
he other two tubes (17. e. the right as one 
acing the burette) is drawn to a point, 
other bent to the side to receive the 
ng from the reservoir, which is either 
ed high or fitted with double bored stop- 
and rubber bulb. Other types of two-way 
cocks and arrangement of the connec- 
s can of course be used, 7. a. a stopcock 
1 Y-bore and afferent tube on the upper 


side (as in most Derona burettes). Also the 
afferent glass tube may be fitted in the 
stopper of a reservoir bottle and extended to 


the bottom; filling is then effected by pres- 


sure. 

The upper capillary end of the burette is 
fitted with a simple housing for overflow, 
1. e. a glass tube about 30 mm in diameter, 


Fig. 1. Axial Section through Upper End of Burette 
with Automatic Zero Adjustment and Overflow- 
chamber. 1. Upper end of graded burette glass tube. 
2. Thickwalled capillary tube fused on burette tube 
and ground to a conical tip. 3. Overflow-chamber 
made of glass tubing and closed by rubber stoppers. 
4. S-shaped glass tube for emptying of chamber 
and ensuring against backflow. 5. Ordinarily the 
chamber is emptied by a puff in the short glass 
tube. 
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Fig. 2. Axial Section through Lower End of Bu- 

rette. 1. Lower end of burette tube (ungraded part) 

which connects through a double-bored two-way 

stopcock (2) with either 3. Inlet tube (as shown) 
or 4. Outlet tube. 


70 mm in length and closed by rubber stop- 
pers at both ends. Tho lower stopper is 
pierced by the capillary tube and an outlet 
tube which only permits the surface of the 
surplus fluid to ascend to within some milli- 
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meters of the capillary tip. In the upp 
stopper ‘is fitted a short glass tube, bent. 
right angles. A short puff in this tube W 
empty the chamber (touching with the li 


lary is impossible (see Fig. 1.) even if empty 
ing is inadvertently omitted. If preferred th 
device may be replaced by a short glass ttl 
and a rubber or plastic tube running to 
container for constant drainage. 
The burette is flat and sturdy and cons: 
quently easily and sefely packed. Clampim 
quently easily and sefety packed. Clamp I 
around the overflow-chamber and lower i 
graded part of the burette tube (protec 
with a piece of rubber tubing) involves? 
danger of breakage. The price will be re 
sonable on account of the simple design | 
when the stopcock begins to leak because 
wear the replacement is easy. Cleaning 
not difficult because of the straight af 
strong upper tip. In practice the overfle 
through the thin capillary is scant and con 
quently may be discarded. 
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uring the past few years the interest in 
inogen determination has increased, not 
t in obstetrics after the discovery of the 
o- or afibrinogenemia as a cause of gross 
ding in parturition. 
lost of the methods are rather time-con- 
ing, which does not matter when the 
inogen determination is made in medical 
s (jaundice, hemorrhagic disease). But 
bleeding in some obstetrical emergency 
mncerned, it is necessary to have a rapid 
hod giving the result in minutes instead 
ours. 
1 Denmark the gravimetric method of 
m is in common use; this method has a 
1 accuracy, but the procedure takes a 
er long time, 5—6 hours. Recently Kors- 
‘d Christensen (1955) has published a 
10d using trypsin degradation of the clot 
photometric determination of the amino 
thus formed. The method takes about 
tirs, but may be accelerated to about 114 
- without serious loss of accuracy. 
he different steps of Gram’s method 
. been revised and an attempt to accele- 
them has been made with the aim of not 
ig any of the accuracy. 


METHOD 

Principle 
1e fibrinogen of oxalated plasma is converted 
rin by addition of thrombin. After drying, the 
is determined gravimetrically. 


Procedure 
Blood sampling: A centrifuge tube with a 
at 5 ml is prepared with dry oxalate mixture 
g oxalate mixture per 1 ml blood; oxalate 
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mixture being 1.2 gm of crystalline ammonium 
oxalate and 0.8 gm of crystalline potassium oxalate. 
The salts are dissolved in distilled water and made 
to a final volume of 100 ml. 0.5 ml anticoagulant, 
subsequently dried, is used for each sample of 5 ml 


blood). Venous blood to the 5 ml mark. The coa- 


gulation is prohibited by inverting the tube. 

2. Centrifugation for 2—3 min. at 3000 R.P.M. 

3. Toa test tube with flat bottom, 100 x 26mm, 
containing 5 ml of 0.9 per cent sodium chloride is 
added 1 ml plasma. Mixing. 

4. 0.2 ml trombin solution containing 100 N.1.H. 
units thrombin per ml is added. Thorough and 
rapid mixing. The clotting is complete in 2 minutes. 
The thrombin solution (“Thrombin, topical”, Parke, 
Davis and Co.), 100 N.I.H. units per 1 ml of 0.9 
per cent isotonic saline, is divided into aliquots of 
about 0.5 ml in rubber stoppered smal test tubes. 
The solution will keep at —10—20° C for months. 

5. The clot is loosened from the walls of the 
tube by shaking the tilted tube, and transferred to 
the middle of a pile of 6—8 pieces of filter paper, 
preferably of a sort with a rather smooth surface, 
(e.g. Munktell No. 0, 11 cm). Then another pile 
of 6—8 pieces of filter paper is placed on top of 
the clot, and a gentle pressure is exercised by 
placing a 200 ml Erlenmeyer flask with water on 
the pile. In 5, seldom 10 minutes all fluid has been 
sucked out of the clot which now sits on the sur- 
face of the inmost filter paper as a glistening mem- 
brane. The membrane is cautiously loosened from 
the filter paper by means of a needle or a stiletto. 
Care must be taken not to tear the edge of the 
membrane. 

6. The clot is rinsed in 0.9 per cent saline for 
some. seconds, then in 99 per cent alcohol for 
5 minutes and finally in ether for 5 minutes. If a 
rapid answer is required the clot may now be 
weighed, if not, the clot is incubated at 37° C for 
2 hours and then weighed. 

7. Calculation: Weight of clot in mg X 100 = 
mg fibrin(ogen) in 100 ml plasma. 

In case of severe hypofibrinogenemia, the clot 
which is formed after adding thrombin is so fragile 
that it is not possible to remove it without tearing 
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it after drying on the filter paper. It is easy to 
recognise before removing the clot from the tube 
that the fibrin content is very low, the gelatinous 
clot being only slightly turbid and almost fluid 
when the. tube is tilted. In this case the entire clot 
is taken into a centrifuge tube and centrifuged for 
5 minutes at 3—4000 R.P.M. Now the fibrin clot 
has separated somewhat from the fluid and can be 
removed with a clean tweezer or needle as a tiny 
ball which is then placed on filter papers and dried 
in the usual way. The drying procedure will take 
only a couple of minutes. It is recommended not to 
place filter paper on the top of the clot in this 
case. The membrane thus formed from the clot is 
only a few mm? in size and can easily be loosened 
for the rinsing procedure. 

Weighing the clot immediately after the ether 
rinsing (and after the ether has evaporated which 
takes only a few seconds) gives values averagely 
5 per cent higher than after 2 hours of drying at 
Sy AOE 


The whole procedure takes about % hour; if the 
highest accuracy is required 2 hours for drying 
must be added. 


DISCUSSION 

The procedure differs from the original 
Gram’s method in two important steps, 
namely blood collecting and coagulation. 
Gram uses 0.5 ml 3 per cent sodium citrate 
solution and 4.5 ml blood. He states that 
this anticoagulant is osmotically inactive so 
that fluid does not pass to or from the red 
blood cells changing the plasma amount. In 
order to calculate the fibrin content in plas- 
ma he uses the formula 

A X 100 X ml citrate 


ml plasma 

where A is the weight of the fibrin in mg. 

This calculation is somewhat lengthy, 
requiring centrifugation for 1 hour, and not 
entirely accurate, because it is almost impos- 
sible to have the blood cells thrown comple- 
tely down without any plasma between them. 

In the modification of Gram’s method 
these difficulties have been overcome by 
using the dry oxalate mixture (ammonium 
and potassium oxalate) which is osmotically 


inactive. After centrifugation for a few . 


minutes the supernatant layer is plasma and 
no calculation is necessary. 

The coagulation after Gram’s method is 
established by recalcifying the plasma. The 


procedure — in order to become complete 

takes a rather long time, 144 hour, at 37°C 
In the modified method, a thrombin pre 
ration is used which establishes the compl 
coagulation in 2 minutes at room tempere 
ture. 

The removal of fluid from the clot j 
accelerated somewhat in the modified proge 
dure by placing filter paper both under an 
above the clot and further by exercisin 
some pressure on it. 

It is a draw-back — in case of sev 
hyprofibinemia — that the clot is so fragil 
and tiny that is is not possible to dry it i 
the usual manner. Yet it is possible for th 
skillful technician to recognize when — 
specimen originates from a case of hype 
fibrinemia by the appearence of the ¢ 
alone because of its-lack of turbidity and 
relative fluidity. So she will know, at thi 


- step of the procedure, that a centrifugatio 


is necessary before drying the clot on filte 
paper. 

The after-drying after rinsing in alcol 
and ether is only necessary when the high 
accuracy is needed. In 20 cases the clots w 
weighed after the rinsing and again afi 
1 and 2 hours of drying at 37° C. The weigt 
had decreased on the average 2.5 and 5 pi 


gave no further decrease of weight. 1 
weighing was carried out on an analytic 
balance allowing readings of tenths of 
milligram (Mettler balance). 


Table I. Gram’s method compared w 


the modified method. 
Gram’s method Modified method Difference per ¢ 
314 320 Se 
279 310 | 
235 270 +7 
240 240 0 
261 260 0 
276 270 —2 
aly 310 —2 
322 330 +2 
288 310 + 8 
300 290 * 3 
+ 25 


QUANTITATIVE DETERMINATION OF FIBRINOGEN IN PLASMA 


ie modified method has been compared 
the original Gram’s method (Table I). 
concordance of the two methods is good, 
alues of the modified method being on 
verage slightly (2.5 per cent) higher. 

e plasma fibrinogen level has been 
uned with the modified Gram’s method 
) healthy males and 28 healthy females, 
ly young adults. The sedimentation rate 
e red cells was in all cases normal. The 
| values were almost identical in the two 
s. The mean for all the 51 persons was 
mg per 100 ml, with the scattering 
410 mg per 100 ml. The standard 
ition was found be 50.7. The normal 
ss (+ 2c) are 216—419 mg per 100 ml. 
1e normal values agree well with those 
e literature. 
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SUMMARY 


The determination of the fibrinogen level 
of plasma by Gram’s method has been modi- 
fied into a more rapid but not less accurate 
method which gives the result in about half 
an hour, Gram’s method taking about 6 
hours. 
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AfPORTABLE SOURCE 
IN. PORPHYRIN ANALY SiS 
By T. K, WITH! 


From The Central Laboratory, Svendborg County Hospital, Denmark 
(Received for publication February 25, 1957) 


The red fluorescence of porphyrins is 
well known and extensively used in por- 
phyrin analysis, but it is not generally 
realized that it is so inexpensive and easy 
to study that it is within the reach of every 
laboratory. One of the pioneers of por- 
phyrin studies (Waldenstrom, 1937) writes: 
“Natiirlich ist der Nachweis einer solchen 
Fluoreszenz sehr einfach, er fordert aber 
eine spezielle und kostbare Apparatur, die 
eigentlich nur fiir diesen Zweck verwendbar 
ist.” But this is no longer true as today the 
luminous discharge lamp has grown from a 
laboratory fitting to a commercial article 
(Radley & Grant, 1954). 

In laboratories possessing a source of 
Wood’s light this is most often fixed in some 
place, usually a dark room or a dark case on 
the wall in a remote corner, and thus the 
analyst has to walk a certain distance every 
time a fluorescence test is required — to 
decide whether an extration is completed or 
if sufficient material has been placed on a 


paper chromatogram etc. This may amount ° 


to several miles a day in a laboratory with 
many porphyrin analyses and can be avoided 
by placing a portable source of Wood’s light 
on the bench. If the fluorescence is not too 
weak it can be detected in semi-darkness, and 
real darkness is only required when the por- 
phyrin amounts are very small. 

The light is not harmful to the eyes as is 
the case with Hg-quartz light. Wood’s light 


1 Supported by a grant from The General 
Research Foundation of the Danish State. 
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from a lamp on the bench has been employe 
in our laboratory for three years without 
harmful effects. Further, our lamp has bé 
transported by car or by train for lon 
distances and tolerated this, and it is thus 
remarkably ‘robust piece of laboratory equi] 
ment. Its price is reasonable as a lamp cot 
sisting of an Osram HQW 500 bulb and th 
corresponding special transformer only cos 
150—200 Danish Kroner. The bulb is cot 
veniently mounted with the transformer % 
foot, and this can be done by any electrie 
technician or hospital workshop. The tran 
former may also be placed hanging from t 
ceiling and the bulb as a hanging lamp % 
is often used in laundries where Woo 
light is employed to read writing on lim 
with invisible ink. The only indispensib 
requirement is alternating current. 

Such portable lamps may be useful 
several branches of medicine. Although po 
phyrias are regarded as rare diseases, € 
dence is accumulating which shows that 
least acute and chronic porphyria — togetl 
forming the hepatic porphyria of Watson 
cannot be very unusual, and the need 
rapid diagnosis may arise in surgical as ¥ 
as in medical, psychiatric and dermatolog! 
departments. Further, it is worth emp! 
sizing that congenital porphyria in swine @ 
cattle often exists in clinically latent for 
which can only be diagnosed on inspect 
of teeth or bones in Wood’s light, and t 
these slight cases are much more numer 
that the clinically manifest more severe 0 
(Jérgensen & With, 1955; With ef 


A PORTABLE SOURCE OF WOODS LIGHT IN PORPHYRIN ANALYSIS 
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’). And for this reason I believe that 
renital porphyria in man may exist as a 
it disease much more frequently than 
‘ved at present. 

he morbid anatomist may use Wood's 
- to verify or exclude the diagnoses of 
renital or chronic porphyria (porphyria 
nea tarda) on examination of bones or 
1. And by routine studies of bones in 
e series of autospies, the frequency of 
it cases of this condition in the popula- 
can be studied. In such a series exami- 
on of a piece of a rib or the vertebral 
mn would be sufficient. 

he dermatologist would be interested in 
diagnosis of porphyria in light dermato- 
of the types hydroa aestivale and hydroa 
wmforme. Here examination of the teeth 
le patients in Wood’s light might be help- 
As the porphyrins are deposited primarily 
1e dentin and cement one has to look for 
fluorescence where the enamel is thin or 
nt. A systematic study of the fluor- 
nce of the teeth of such patients would 
asy to perform with a portable source of 
od’s light. 

acteriologists may find the lamp useful 
use many microbial species are known 
yroduce porphyrins. Demonstration of 
ghyrin in cultures become simple and 
- with a transportable lamp and may be 
alue in differentiation of various strains 
microorganisms. 

he branch of medicine most interested 
he lamp is, however, chemical pathology, 
as it is inexpensive and easy to handle 
ught to be available in every hospital 
ratory. From the laboratory it may be 
sported to the other departments when 
lired. 


pplications in biological studies outside medi- 
are briefly mentioned. The red fluorescence 
he feathers of owls, goatsuckers, and bustards 


(Volker, 1938) as well as of the egg-shells of 
several birds — e.g., the domestic hen — and the 
shells of many molluscs, is well known, but this 
phenomenon has not been studied on liwing animals. 
This is made possible by the portable source of 
Wood's light. Owls (Athene noctua and Syrnium 
aluco) exhibit a very beautiful scarlet color of the 
flanks and the inner surface of the wings when 
seen in darkness or semi-darkness in Wood’s light, 
and a common hen’s egg of brownish color has a 
deep purple fluorescence. 


SUMMARY 


The portable source of Wood’s light is 
inexpensive and robust and ought to be 
found in every hospital laboratory. It is a 
valuable aid in the diagnosis of porphyria in 


‘the laboratory where it may save time, and 


it can also be used in the departments to 
study the fluorescence of teeth on living 
patients and of bones in the autopsy room. Its 
application in the study of cultures of micro- 
organisms and of living animals such as owls 
is mentioned. 
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QUANTITATIVE DETERMINATION OF CHOLESTEROE 
IN SERUM WITH P-TOLUENE SULPHONIGe 


We were interested to read Dr. V. Lep- 
panen’s (1956) conclusion that the p-toluene 
sulphonic acid method for the quantitative 
determination of total cholesterol in serum 
was suitable for routine analysis. | 

We have, since early 1956, employed the 
procedure described below, as a method for 
checking the serum cholesterol alterations 
observed in fat feeding experiments. 

Good agreement with the values as deter- 
mined by the Anderson & Keys modification 
(1956) of the Abell, Levy, Brodie & Kendall 
methods (1952) thas been obtained. 

The procedure we employ is simple, precise 
and reproducible and consists of an extrac- 
tion procedure based on that of Drekter 
(1943) followed by the colour reaction of 
Pearson, Stern & McGavack (1953). 

We feel that this procedure, which requires 
neither special apparatus nor elaborate con- 
trol of conditions of colour development, may 
be of value to the clinical chemist in the nor- 
mal hospital laboratory. 


METHODS 


Reagents 
Acetic anhydride. 
Glacial acetic acid 
12 per cent p-toluene sulphonic acid in glacial 
acetic acid. 
Standard solution of cholesterol: 80 mgm per 
cent cholesterol in glacial acetic acid. 
Sulphuric acid concentrated. 


Nutrition Laboratory, 
Groote Schuur Hospital, 
Cape Town. 


February 1957. 


Procedure 


Sera: Into a stoppered centrifuge tube ple 
0.2 ml of serum. Add 0.5 ml glacial acetic aei 
mix, then add 5.0 ml acetic anhydride. Rotate 1 
mix then after 5 to 15 mins centrifuge at 2000 RI 
for 10 mins. Transfer 3.0 ml of supernatant fly 
to a colorimeter tube add 1.0 ml p-toluene sulphoi 
acid solution and allow to stand for 30 mins. At 
0.4 ml sulphuric acid. Mix well. Read in phe 
electric colorimeter at 550 mw after 20 mins. 
colour is stable for a further 10 mins. 

Blank: use 0.2 ml water in place of seruf 

Standard: water 0.2 ml + standard solution ( 
cholesterol 0.5 ml. Proceed as for sera but omittin 
the 0.5 ml of glacial acetic acid. 

Calculation: 


V—B d 
x 200 = mg per cent. 
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meASskD CONTENT OF A s-AMINOLAEVULIC ACIDLIKE 
SUBSTANCE IN URINE 
PROM WORKERS IN‘ LEAD INDUSTRY 


is known that coproporphyrin as well as We have studied the excretion of 8-amin- 
duced precursor is excreted in increased _ olaevulic acid, the precursor of porphobili- 
ints in lead poisoning. The metabolic nogen, in industrial workers exposed to lead. 
der responsible for the changed por- The workers are regularly examined for 
in metabolism is obscure. No data are hematologic changes and for increased ex- 
ible to suggest any abnormal metabolism cretion of coproporphyrin in order to trace 
rphobilinogen or uroporphyrin I or III. any lead poisoning as early as possible. At 


Blood picture : Urine analysis 


se _ Age Exposed | Hemo- Red blood Basophilic | _ Uro- PBG ALA 
in years to lead globin cell count. stippled bilinogen | ymol/ml | pmol/ml 
in years g/100 ml mill. _—_cells/10000 x10° x10* 


red blood 


B. 40 20 16.2 5.3 2 + 6 267 
:. 44 - 26 4512 4.8 24 0 0.6 33 
Es: 45 31 16.0 5.0 0 C2) 6 56 
4 52 30 12.3 41 14 0 3 110 
. 48 28 16.0 5.0 21 0) 3 190 
: 60 34 14.9 4.8 5 (+) 3 78 
4 57 34 16.5 a) 6 (+) 3 19 
4 59 5 15.4 4.8 0 (+) 7 55 
MI. 54 5 15.4 4.6 2 C) 7 36 
I. 42 7 14.7 4.6 4 0 2 81 
A. 29 5 16.0 5.0 3 (+) 5 7 
MI. 51 31 16.0 4.9 0 (+) 6 186 
Nv: 23 1 3/4 16.3 5.0 12 0 4 42 
v. 49 31 15.8 5.1 9 (+) 4 52 
). 38 21 15.8 5.0 2 0 2 45 
7 54 4 14.2 4.6 0 (4+) 5 55 
O. 37 19 15:7 4.9 7 0 1 27 
>, 55 21 13.6 4.4 13 0 0.6 243 
: 55 33 14.4 4.7 10 (5) 2 47 
4 40 1 13.9 4.8 0 (+) + 29 


Ze 
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the time of the investigation none of the 
workers had any clinical symptoms or signs 
of lead poisoning. 

Porphobilinogen (PBG) and 8-aminolae- 
vulic acid (ALA) in the urine were deter- 
mined quantitatively according to Mauzerall 
and Granick (1956). 

The material and the results of the ana- 
lysis are summarised in the Table. It might 
be added that none of the urinary samples 
showed any evidence of albuminuria, glyco- 
suria or increased amounts of coproporphy- 
rin. The control material consisted of urine 
from 60 adults. The mean value of the PBG 
excretion was 0.0028 (S.D. 0.0015) «moles 
per ml. and of the ALA excretion was 
0.0165 (S.D. 0.0086) umoles per ml. Thus 
only 4 of the 20 lead workers showed a 
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slightly increased excretion of PBG, : 
15 showed an increased excretion of AL 
and in 10 the increase was striking. I 
however, not yet certain whether the miet 
bolite determined ‘by the method of M.. & 
really always must be ALA. This possibili 
is receiving attention. 

‘The observations presented above sugge 
that any influence of exposure to lea 
im many cases, demonstrable earlier by 
method than by determination of coprope 
phyrin or haematologic changes. 
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